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PURPOSE OF INVESTIGATION 


Weevils destroy many million dollars’ worth of wheat and other 
grains annually. Carbon disulphide is extensively used as a fumigant 
against these insects, but, although efficacious, it has serious disad- 
vantages. It has an extremely disagreeable odor and in moderate 
concentrations its vapor is poisonous to man. Although carbon 
disulphide is volatile, millers occasionally complain that wheat 
which has been treated with it retains its odor, and it has been 
shown that the baking quality of flour from carbon disulphide 
fumigated wheat is sometimes injured (8). 

The really serious objection to the use of carbon disulphide as a 
fumigant, however, arises from the fact that it is readily inflammable 
and that its vapor when mixed with air is highly explosive. For 
this reason fire insurance companies refuse to carry the fire risk on 
elevators during the time tafbon disulphide is being used to treat 
the grain contained in them. Even more important is the action 
taken by the General Managers’ Association of Chicago, representing 
the leading railway systems of the United States, in adopting the 
following resolution: 

That because of the highly inflammable character of solution of carbon disul- 


phide and tetrachloride, its use for fumigating cars to be loaded with grain be 
prohibited, except that the Illinois Central may continue its use at New Orleans 


1 Deceased June 19, 1923. 

2 Creditis due Maj. A. Gibson, formerly of the Chemical Warfare Service, for obtaining poisonous mate- 
rials from thelaboratories of Edgewood Arsenal; G. W. Kirby, ofthe Insecticide and Fungicide Laboratory, 
Bureau of Chemistry, for assistance in the chemical work; J. H. Cox, Harold Anderson, and the Milling 
and Baking Laboratory ofthe Grain Division, Bureau of Agricultural Economics, for assistance in carrying 
out the car-fumigation tests. 

8 Italic numbers in parentheses refer to Literature Cited, p. 39. 
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and the Baltimore & Ohio at Locust Point, Md., when cars are isolated and 
protected, until some other satisfactory suitabie substance can be provided, and 
further, that each carrier, member of this association, shall issue, without delay, 
necessary instructions prohibiting its use. 

The following resolution was also adopted at the same time by this 
association: 

That because of the presence of bran bug and weevil in grain and the great 
danger being done thereby, the chairman of this association communicate with 
the Bureau of Agriculture, Washington, D. C., advising of the action taken by 
this association and recommending that such investigations as may be necessary 
be made by the Government to produce a substance for this purpose which can be 
used with safety. 

The investigation reported in this bulletin was undertaken because 
of the action taken by these railroad officials. 

Carbon tetrachloride, hydrocyanic acid gas, sulphur dioxide, 
chloropicrin, naphthalene, phosgene, arsine, cyanogen chloride, and 
many other substances have been tested as fumigants for grain 
weevils by various investigators, who have reached the followin 
conclusions: Carbon tetrachloride is imeffective under practica 
conditions; hydrocyanic acid gas fails to kill weevils very far below 
the surface of the grain; sulphur dioxide has. low toxicity, injures 
ironwork, destroys the germinating power of wheat, makes a sticky 
dough (4), and retards fermentation, the bread obtained being heavy 
and unfit for consumption; carbon dioxide is effective only in tightly 
sealed containers and at relatively high concentrations; chloropicrin 
shows promise of being a practical fumigant, but is not yet com- 
mercially available; naphthalene is not very effective and has an 
objectionable odor; phosgene is poisonous to man, comparatively 
nonpoisonous to insects, and, because of its high vapor pressure, 
difficult to control; the toxicity of arsine to insects is comparatively 
low; the effect of cyanogen chloride as an insecticide is practically 
the same as that of hydrocyanic acid. 

It is evident, therefore, that there is great need for a fumigant 
which will be effective against injurious insects in wheat and other 
cereals and also noninflammable and nonexplosive and neither 
dangerous nor highly disagreeable to those who handle it. The 
object of the investigation here reported was to discover such a 
fumigant, which could be used in place of carbon disulphide. In 
connection with this investigation, much information on the relation 
of the chemical constitution of compounds to their toxicological 
action on insects was acquired. 


EXPERIMENTAL PROCEDURE 


The rice weevil (Sitophilus oryza L.), the flour weevil (Tribolium 
confusum Fab.), and the granary weevil (Sztophilus granarius L.) were 
used in most of the tests, and the Indian meal moth (Plodia inter- 
punctella bn.) was used in a great many. Adult insects of the 
weevils and the larve of the Indian meal moth were used. 

The first series of experiments (Tables 1 and 2) were conducted 
in the apparatus described by Neifert (1/8). Four-liter glass jars, 
containing 10 to 20 live weevils of each species tested, were filled 
with a mixture of air of 40 per cent relative humidity and the vapor 
of the compound to be tested. After standing for 24 hours at room 
temperature (21° to 32° C.), the percentage of dead weevils -was 
determined. (All specimens were examined after 24 hours, and 
also after 48 hours, to avoid reporting as dead those which might 
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have been only stupefied.) To obtain the desired humidity, air 
was bubbled through bottles of sulphuric acid of the proper density, 
the vapor pressure of water in sulphuric acid-water mixtures being 
known for mixtures of various densities. In the less volatile com- 
pounds, the quantity of the compound present in the jar in the form 
of vapor was determined by passing a known volume of air over a 
weighed quantity of the compound. The loss in weight (in grams) of the 
compound divided by the quantity of air (in liters) gives the quantity 
(in grams) of substance present in the form of vapor per liter of air. 

The following factors were used in calculating ae results reported: 

Grams per liter X 62.43=pounds per 1,000 cubic feet. 

22.4 < 100 
gram-molecular weight 

Percentage concentration X gram-molecular weight X 0.02787=pounds per 
1,000 cubic feet. 

1 cubic foot = 28.32 liters. 

1 kilogram = 2.20462 pounds. 

Assuming the vapor of a compound to be a perfect gas, the mole- 
cular weight (in grams) of this vaporized compound will occupy 22.4 
liters under a pressure of 760 millimeters of mercury and at a tem- 
perature of 0° C. For example, the molecular weight of chloroform 
is approximately 119.4. Therefore, if 22.4 liters of space contains 
119.4 grams of chloroform vapor (equivalent to 5.33 grams per liter), 
the percentage concentration is 100. 

Since the tests were made at about the same temperature on com- 
pounds differing greatly in vapor pressure, it follows that the more 
volatile compounds were tested in high molar concentrations and 
the slightly volatile compounds were tested in low molar concen- 
trations, which, however, were the maximum concentrations of the 
vapors possible at the temperature of the test. 


Grams per liter x =percentage concentration. 


EFFECT OF VOLATILE ORGANIC COMPOUNDS ON WEEVILS 


The results of the fumigation of weevils in glass flasks at room 
temperature (21° to 32° C.) are shown in Table 1. Table 2 gives 
the formula, molecular weight, boiling point, and minimun lethal 
concentration for each compound tested. 


~TasiE 1.—Results of fumigation tests on weevils in glass flasks at room temperature 
(21° to 32° C.) 


Concentration Weevils killed after exposure 


of fumigant for 24 hours 
Tem = Se aes 
Test No. pera- Fumigant Molar | Pounds Ss ao 
ure per per ribo- 
cent- | 1,000 | oryza rae lium | Plodia 
age cu. ft. 
HYDROCARBONS: XC, P= ct IPS cr PS ch) Peet 

RS se ok So 25 0eeAIMYlONe! 22 2 - es AEST 78. 76 100 100 LOOM eases 2 
Ag ee sen ae Ag ee (Oe ee 14.73 | 28.78 0 0 Oi peek 2 
5 7 ae ern 22- hel taaes Gore Se a. Se 21.26] 41.54 0 0 Qzls sere Set 
Ly ee eee Ja De. Sule eerosene: =. — Soa. 2. 1.40 1. 43 0 0 0 10 
eee re 23. 0 | Cyclohexane--__-.--------- 13.00} 30.48 100 100 100 85 
aI ee ea 30: by (Eee oa ee a 14. 00 32. 82 100 100 100 70 
See eee 23057 |eBenzenes = 1 sot 1. 13.00} 28. 100 100 100 100 
ASO oS st 72st) joe ee Oe RR EAE 8 . 90 1. 96 0 0 0 0 
eet saree SE 1 ee Gta Se Be ee 1.60 3. 48 10 30 80 0 
ASG 242 Ee S05 Sr |en— GOS wre 8 ie A 3. 80 8. 27 100 100 100 70 
Sie hs a 285 le Polmence 2 eS se 3. 00 7.70 75 50 100 80 
75 oe nate f 3030) fo xylene. 3°96 e_ ts 1. 40 4.14 60 0 Orpen 
1 YG 2 ee 24.0 | Naphthalene (25 per cent) 2.50 1.79 75 207 jescnsehe 25 


and carbon tetrachlo- 
ride (75 per cent). 
RU ote) Sere 23 Se eAnthracene 8) 9) ant SOI; .05 | 0 0 0 0 


1 Molecular weight of kerosene assumed to be 128. 2 Concentration of naphthalene only. 
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TABLE 1.—Results of fumigation tests on weevils in glass flasks at room temperature 


(21° to 32° C.)—Continued 


Weevils killed after exposure 
for 24 hours 
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TABLE 1 Results of fumigation tests on weevils in glass flasks at room temperature 
(21° to 32° C.)—Continued 
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get ia oe PAS bers Sle a 

0 0 10 

100 LOO sR 

100 LOO MES 

100 100/23 

0 Ul bes Sista 

0 Oss eet = 
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TABLE 1.—Resulis of fumigation tests on weevils in glass flasks at room temperature 
(21° to 82° C.)\—Continued 


Concentration | Weevils killed after exposure 


offumigant for 24 hours ‘ 
Tem- [<<< ———— 
Test No. ise Fumigant Molar | Pounds s re : 
ure per- per : ‘ ribo- é 
cent- | 1,000 | oryza ae lium Plodia 
age cu. ft. 
ALCOHOLS AND PHE- 

NOLS: JC: Seah WW Jena || Jeo || 223 Gh 
pay: WATE Ia ae I 28.5 ee alcohols 22) =saaes 16.00 | 14.28 100 100 100 100 
ZOU ARAB Ro: eas aa 2825 Oia AE) he shal ee 1. 00 8 0 0 0 0 
NS Dia oun nace Uses 29NO)| Sea ao SA ea oe 2. 00 1.79 0 0 0 0 
TG fais Hs aaa SON On| Aaa CQ a SEE ane 4. 50 4. 02 30 15 5 10 
CALS RET ee 30.5 | Ethylalcohol__-___ oe 8.00 | 10.27 0 0 0 15 
Dil CP eA Se oriole 30. 5 | m-Propylalcohol__________ 3. 50 5. 86 100 GOS aa 100 
(RISO A TE ets 3290) eae CLO SR ot 1.70 2. 85 96 50 100 100 
1 EY DS ee te ie? 298 0F Rea Go Site ha eS ss ee 1. 70 2. 85 100 100 100 100 
LY (A SS Ae a le SOYOn eae COM es ees oe 1. 50 2. 51 20 0 15 85 
tH) ROE aU A Be 30. 0 | n-Buty lalcohol__________- 1.70 3. 51 100 60 100 100 
DO nak eG A ee 31.0 | Isoamylalcohol___________ . 80 1. 96 100 LOOK eases 80 
LAD i eee 290k. GO RE 77 1.89 80 60 100 100 
1 Ve SS ae BORON Pee == Gost Se Sk oS ae 33 81 0 0 0 0 
PES oh NR Lene SOSOE ees GOsRE aio. TCC a ee 20 49 0 0 0 
Cie ye Da Sao eetly BA 285) | eGeraniola=. _) seh ae 10 43 10 0 0 0 
ON CEO 30; 5 Mientholos: 2) ile See 08 35 0 0 0 80 
AG. LRN Ee SOLO hiya ol sees ee ree ee 09 38 0 0 0 0 

ALDEHYDES 
(<7 AB SM ay 28.5 | Chloral hydrate__________- . 20 92 20 0 0 0 
2895 E rikee 2 25.0 | n-Butyraldehyde_________ 11.15 | 22.40 100 100 JOO} | {eae ome 
7407) GP Vk al 3 25 One GOL ae 7 vee ie 9. 46 19. 00 100 ~ 100 LOO: | oat eee 
PALS out Mena he 2650nee adore aie. LG ee Onoo peal 100 100 OO} | 2222 es 
Pa HO fog sp Pl) |p ss C6 KC yee or ane aE Coens See 6. 57 0 0 100.) 28s. 2 50 
aaa Totes MMe SSN GaP DAO Meenas CO ee Be A hel Ree 2. 59 5. 20 0 0 90) sexes 
AGA TEN 24.0 ny ooualeebyde Lh 5 Me 4. 00 7. 81 10082 2egh LOO! | Hoek as 
AGG Poke Te PEM Did Lerelests 0 (ce cS oan TS 2. 00 3.91 POO ooo LOO eames ee 
AGS oR RSA Soe ee PHN) |e de SEE) 2 SAG A So a 1. 30 2. 54 LOO! | 222 che LOO.) sah oS 8 
AT OARS Ins eae TA: SNS saree OSes. cg BV i CEE . 50 98 LOO: |: 22 ae Of ea See 
C7 Mas ok Dai SS PRY (eee dose 21 Mesba aa . 60 1G A¢/ LOO |! ey TOO! 2 <8 
C257 a Sh a I Pe (0) |e ee GOs eo. EIR se ee 50 98 100s eee CON ee Be 
UG. UAE, es a 30sou swurturaleee. Ul Bee ee 80 2.14 100 LOO We eal 20 
(SARS WA eam or 31.0 | Benzaldehyde_.__-_-_____- IA 80 100 100 55 75 

KETONES 
Oo ytkes a ar NE 28:0) PPA CeCONe! 28 an enka 15.00 | 24. 27 100 100 100 100 
UPA Sepa piar t8 Poh. Alsace C0) sa he eels J 2. 00 3. 24 5 10 10 0 
TS Bt hon ii a Nhe Fey 1) Ween Goss 0th «oo Sa 4.10 6. 63 95 100 15 25 
1% ce RO AOL () jee Cotenees ih GM ian 8. 20 13. 27 100 100 100 100 
219 EPC 24.0 | Chloroacetone___________-_ 1. 53 3. 94 100 100 LOOM eee Sou 
220 BEE ikea 23 Ou GO eee, ANS oo ae 70 1. 80 100 100 JOO meee rs 
PED Yee AND PH (0) pap CO eee 1 MR Ss 42 1. 08 100 100 OO pete oe! 
DAB UNAS ea ns ee es 26:10) 222 Gomeese tA a IP) BYE 0 0 Osa Weae ie 
2QESav ek hacen Po (O) |e mee do ie k oS ee 42 1. 08 100 1006 OO: 22bie ue 
HAD tied eee dee Don O ee Omer 2 na oo ae . 26 . 67 100 100 LO0s/seee 
SQ LEU REY Us ee 23. 0 ithgt methyl ketone_____ 15.00} 30.13 100 100 100 100 
SILK Qe na ee eee DON One. Cl Oe ia LV A ee oke 13.30} 26. 72 100 100 100 100 
ARTY es oeamagt d 29 On eee ae Weta. CSO. 7. 20 14, 46 100 100 100 100 
TV. (Es Min ST Meo Scat BORO} ewes (6 [aS ante MN th Op 3. 40 6. 83 100 70 100 80 
LS VS i RE et SOTO aes dosere = EY aaa ae 1. 80 3. 62 100 80 100 0 
SOA rer ae 25.0 | Mesityl oxide__._________- 1. 53 4.18 100 100 LOOg eee es 
SOO HRS L foams PHB, 0) {fae OAS) Shi at 1. 42 3. 88 100 100 LOOU Saar os 
BYE RN Oe Richa abs 21h 0) | aaa Gos oE as) 7 ae . 39 1. 07 0 Ovi = OF ee 
ay aes heal ear RN Ne DONOR meses OSes ENS ae 55 1. 50 100 50 Oi eee ek 
SD eer rain as ee ZaNOn ees dose) Vil ea) . 60 1. 64 100 100 Oj. Seater ae 
FON) ni eas lea ats 31.0 | Acetophenone.____________ . 16 . 54 100 45 0 50 
GEER aie ae 30. 0 |) Chloroacetophenone (5 per 3,10 - 43 LOO: oe 2s Se eae 100 
TIGA 2 & Eels pee 30. 0 cent) in carbon tetra- 3,01 . 04 0 Oller 0 
6Si ae ae Pe 30. 5 chloride (95 per cent). 3,17 73 0 0 0 5 

ESTERS 
Oe (ek crak Magee oa ee 26. 8 Methy, formatel-_ 22) iaeme 56.00 | 93.71 100 100 100} qr ae 
PAPAIN, EAD eae A 208 Ours 2G Oise 2 ENA a 20. 37 34. 09 100 100 1007) seth 
DRY Gs) Ute Raley ght OP aya eee do asd Mh co NS MO 11. 62 19. 44 100 100 TOO oes Rate 
DAN ES es AE Donte PaaS {5} Wey dostaus saris ae 6. 35 10. 63 100 100 AM OD ese Be Nae 
2 a tay a teh 2080) eee Ones a 4, 54 7. 60 100 100 LOO; SRS 
260 eo kooe 205 ON doseeete ie es i 3. 64 6. 09 100 100 TOO} Sate ae 
O77 fils ess tial a DA joe dose. Vath ae 3. 64 6. 09 0 0 Onl seen oe 
Dad PAS, lh Nel ie PPes b5) | ee (GY 0) te ale eres 4.10 6. 86 100 100 1005 |S aac 

fey a ee a Ye), ae GO ee 2. 65 4. 43 100 100 TOOR sees 

474A, 475A_____- DAS One GOS oe. es aa 3. 50 5. 86 TOO}: Sees NOOR Hees 
AIGA S25. 3. ee Ay |e GOse Ih Se 2. 00 3.35 LOO) eee TOO | Sse 
SOG Ree ey es 24s Opec a io eas NTR RMN 1.30 2.18 TOO; (ee LOOM eee ee 
Li Of fle Si tere en NE 24S Oe Oka a Rs . 90 1. 51 LOO ME see OOS ISEES ee 
Pies lk Eo i ae Rane eh 24. 3 Ethy) formate: ee 20.37 | 42.05 100 100 1003) 222242 
ZSG ns sees eset 245 Dee Oa eS ae 22.41 | 46. 26 100 100 TOOT se ee 
SiG es eye sa er 26. o ya se GO oe 15.04 | 31.04 100 100 100 eee 
SOO IN ee EIS 2AKOi eee GO Swen Panes 2 Le 10.00! 20.64 100 100 100 he see eeee 


3 Concentration of chloroacetophenone only. 
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TABLE 1.—Resulis of fumigation tests on weevils in glass flasks at room temperature 
(21° to 32° C.)—Continued 


Concentration | Weevils killed after exposure 


of fumigant for 24 hours 
Tem- SSS 
Test No. Dery Fumigant Molar | Pounds Ee sg A 
ure er- per b : ribo- - 
ent 1,000 | oryza | 972" | jium | Plodia 
age | cu.ft. arius 
EstERS—Con. KOS iP Sct Pct PERCE ect 
SOS a ape ee oe 0| Ethyl formate__.__.---___- (a: 9 el en 2} 100 100 LOOM See cee 
a SY (pak: apse Be AS Qh aes 2. lp we Se ee 4.89 10. 09 100 100 1006) 2285. 2= 
Oe a ee a Oi e24 CO saee er Ee ad 3. 71 7. 66 100 100 100:)|2aee es 
Poh ] seca ed ae Se 2550) |pe= C6 (0 gs ree ee 1.80 3. 72 100 100 100) te 
Pa} = ee aa 2040s eae (ee ae 60 1, 24 100 100 100; sas 
ANGE Aes oh tee 2090) |aeae= Oteen at 2 Pee) 1. 30 2. 68 TOOW SE ef TOOn <2 ae =~ S 
AQ fs ee 2550 ae (OV cee ay NI ey te ee ee 1.10 2. 27 LOOR EE eS Dy ee eee 
ARE nat oS tlezos ON OG) es eee - 90 1. 86 LOO3 se Boe LOO} See. a 
ANIA a 73}, (0) |e Cts eee eae ae 1.10 2. 20 100 2 36 ose 1003/2282 = 
ANDINA ADD = 2 PAN (Oy ea GOS ee ie a - 80 1.65 LOORhE Sakae 100: (2s 
dot ieee Mond GAS Dh] OR Ses (ee ee 40 . 83 Qe ee pise, OF take 
see ae as PB3(\i|| io (oye ree Soe ee ae 60 1. 24 LOO) p= ae See One ser Ss 
AIG ADR ee ee 205 OQ) ee OT Se Lee ee ae 50 1. 03 (0 )e) ea Ye a (6) 5 a aoe se 
AQAR TE hee soa 26.0 | Isopropyl] formate 15.50 | 38.05 LOGE 82 5 op LOO} | ata 
AC fae eens: ate 2650) |e OS ee 8.20} 20.13 100} | See oe 100) Dae 
BOOS he EE ge 25) Oe 0 aes Oe a Ee 3. 90 9. 57 LOOSE fo 100) 2ea2 = 33 
AQDES eee bap ae PAR Fas] hee GO sess rae 2. 00 4,91 ‘LOOT Efe SOs 100) |Taae 
AQg Tee 74a), ty || (GS eR 5G ae ea 1.00 2. 45 SOMA ae (i | Bakser = 
ty Le a ee Bese CARON Re OVO ieee OS Sea pe 1. 20 2.95 LOOS |e eet JOO} | Paes 
SUAS Se Lo Pas (0) |e Goma A le . 90 rival TOO) Ee 3e 100"): Shes 
Fe a NS Ue Soe 2655) nee GOSS ae ee ee 1.10 2.70 LOO Ee 45 2 L003) 28422 5-= 
[58 eae PE Bo PAD ays | ae C0) sa eae eee . 90 PAPA LOOns e822 100%] Saas 
Hv DAME ESS cee ae 26H Ogee OES eres Or ie ee eee . 80 1. 96 LOO' pees 80) Sue ore 
i. & gee Sa ee 26;,.0:|2ee: 2 GO nee ae yee ok . 50 1. 23 100) fea Op eeeew Se 
POON e pee 27.0} Methyl cyano formate_-__- . 20 47 16 0 100 100 
AK oy (oe Cees eee Papuan) (Sarees (6 (aye eee Pane see et Sees ae ~o2 76 88 90 100 100 
1G)! soe ee inane a Wer) \ oes 2 (6 (oS eee eee . 08 19 24 55 15 95 
DER wee P(A V a pe G\0) See ee ee . 90 2. 13 100 100 100 100 
Ly oes ey eee ee Periods i Ves (Xenon ae ee ae . 68 1.61 100 100 100 100 
B47 (ale a ree PA lstayy) | See (OSE ee ee a - 40 . 95 95 90 100 100 
WS stipe oe 74 na een OSs > Ee . 30 eek 50 50 100 100 
Bae Ce ee ane 27.5 | n-Propyl acetate___-_-__-_- 3. 50 9. 96 100 100 100 100 
7 (| SR ace eee SCOT ess (GVe\ eee at oe eee 2. 50 Cea 100 100 100 100 
1 baa Jed po ieee sae Pasay (ESC 0 a Se ee 3. 70 10. 53 95 90 100 100 
i552 eee es 2650) {as GOSS aA ean Sie 1. 90 5. 41 90 50 100 100 
(oT ES ts Se eae eee PA Ol MaDe OO See a oe eee 1.00 2. 85 0 0 0 0 
1A cas a eS ae ete 30.0} m-Butyl acetate____-_-___- -76 2. 46 70 20 95 100 
732 a See Sar 26.0 | Isobutylacetate_.._-_____- 1. 68 5. 44 0 0 ee 
72. cee te ne ne 2650) eae es Vc oe es Eas Sy aa Roe 1.56 5.05 0 0 Oy (Saas. ee 
(eee cnet: 30.0 | Isoamylacetate___.__-___- 1. 50 5. 44 100 100 100 100 
1 5 eae Oe Se le OQ) Bees (sa eee oe oe es ee . 90 3. 26 100 100 100 100 
Ole see ee aes 305QF as. GOs ee a . 54 1. 96 20 50 75 85 
1 \ 15 5st eerie SOR OMe dO ees ees . 24 . 87 0 0 0 0 
ptf (ee eee 23.0 | Ethyl-n-valerate___--_-_-_- Zid 2.79 0 0 Opies ees: 
296 2S ge ee 2a See OP oe wee ee a eee . 66 2.39 0 0 0; |2228-—— 
ETHERS 
D8 AER SS ae at DASE ud (OLAS) ie | (Sea a a 4.86} 16.00 100 100 100; | See -— 52 
7 i ae ee ate Me 2020) ieee (OLS See ES a eee 4. 34 14. 29 100 100 GO es es 
5 eS ae oe 2645s pe A oe eS 2. 27 7.47 50 20 LOO: |Eaee = 
AA ee ee Dey eee O22 eA SoS eee eee Mere 5. 66 0 SOh| ees 
AD ate erase Toes De Ofte 60) eS Ee Se ee eee eee 1.70 5. 60 100 100 TOO |Eeeae = 
Lal Wane ae eae ee 270 bees (0 sn Se ee eee 1. 64 5. 40 50 20 KU 0)) (ea 
yA eee ee Pe oh Pe eae Opes ey La a 4.40] 14.49 OOH 2vat 2 Se 100: | Eeasess2 
An P/U i) | Serene Vay lee alge rs eS ea a 1.10 3. 62 TOQE|Eaae 2. 32 QOi|eee oe 
74 fe eee ae 26.0 Chproprethy! ether 2. 34 Le DAs: 100 100 100; |b ee 28 
Dak ye ee A Pe Gt Oat (eek eo Va Spee a ae DAG Le 4.98 100 100 U0) eee ee 
DA tee ete 26.0 s-Dieniorometiy! ether__.| 4.87] 15.60 100 100 100.,)2 2a. == 
DPA labs Seats pcp fe DPN a Se =(6 (ye a es SS eee 3. 89 12. 46 100 100 OQ) eas 
T2513 a ae SE EES 2ATQS oo de 2 ae Soe eee eee 1.13 3. 62 100 100 100) | s2-—~ 
71, \ STR Bee 2620} b Ss AO sk igs Sd . 62 1.99 50 50 OO inxs saute 
DG iene eb en eye Qe ees CO Mes ae eo 1.21 3. 88 100 100 TOO ep topeyece 
DEO gees ba Diya ( twee e (0 ene ee ae ee . 70 2. 24 0 0 Or seas. 
CHLOROHYDRINS 
LS y Gene ee en 25.0 Ethylene ehlorohydrin_..-| 1.40 3. 14 One ee bake: (hh | eats 2 a 
ht ee ee eee ee Zos Ouest dO Bete NS ae ee . 30 67 Qi ie eae Se (ta Roe ee 
Doo. ea Ss ies 24.5 ipichiaeukedni 5 - Seee ae 1.95 5. 03 100 100 TOO) Bete Se 
OQ EE teh SS Ot Gy 25. Oa (ee Be See eee eee 1.93 4,98 100 100 TOO} Reset 
5 ye Nake ee eae eae 26°02 222" (00S ee ee eee 1.19 3. 07 100 100 TOO! | ae 
DOLE arte med! 2420) ee =- {to et Se ee ee sho 1. 88 100 100 OOH ee ee 23 
Yee ee ea pol 1) CO are aie ede . 59 52 100 100 100) |eske 2 
BOS wees eke & Peasy eee CO seer cite ge Moe 252 - 42 1.08 100 100 LON Eat a 
OQ Re me Bak ee AS Vial meee (6 (ae oR OS A eee 41 1. 06 100 100 TOON E seek ae 
nie a eee eee 2350) ee Gps ees Ba 64 100 100 LOO" | 68 2523 
Risto Bade Cee eeeeedaes ee 2p. Ose (6 (Gee iar ee, es ee . 20 52 100 100 LOG esas, 2a 
DOO ee eS Ee PAO) (eee (6 (oye ed ee .10 26 100 100 TOO) ae 
ee (eran oe dio 20n Obie (O10): eee pe . 09 23 NOGsIE ae Se Oy seer 
BOR ee a oe St ARS )e) Se (OKop Shae ie Sante eee. . 09 23 LOO eos ee Oi eee es 
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TaB Le 1.—Results of fumigation tests on weevils in glass flasks at room temperature 
(21° to 32° C.)\—Continued 


for 24 hours 
S : 

° Tribo- 
gran- F 
arius Dum 

P. ct er 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

35 70 

0 0 
0 0 
0 0 
0 0 

100 100 

100 100 

100 100 

100 100 

100 100 

20 80 

0 0 
0 0 
100 100 
100 100 
0 100 
100 100 
0 100 
100 100 
0 50 
0 100 

100 100 

100 100 

100 100 

10 80 

80 80 

100 100 

100 100 

0 100 

100 100 

100 100 

100 100 

100 100 

100 100 

100 100 

0 0 

20 30 

100 100 

100 50 

0 100 

100 50 

0 0 
peas eo: 100 

100 100 

100 100 

100 100 

100 100 

0 0 

0 0 

100 25 

0 0 

100 100 

100 100 

0 0 

100 100 

0 0 

100 100 
SoM i 0 
LP h SL 100 
Pt BS Er 30 
Bee 3h vite 0 
0 0 

ED SE $0 
. om 344 0 
E eens 0 
+ fon eed 0 
LY See 0 


Weevils killed after exposure 


Concentration 
of fumigant 
Tem- ass SSS 
Test No. pera- Fumigant Molar | Pounds 
ture per- per 
cent- 1,000 
age cu. ft. 
SULPHUR COM- 
POUNDS: Gi 

P52 ee eee 28.0 | Carbon disulphide--_-____ 46.00 | 97.59 
NER e be 2 Se ee 2950 r= O24 Ss LAS et ee 24.70 | 52.40 
1 4 ats IS oT 30:0) ees Go eee! Sas eee 12.30 |} 26.10 
1 BLY, Sean Se ge a 30: Oe posses CQ Sate. hae se ee 6.40 | 13. 58 
1 of Sess Sees Be” 30) Qe. deste 2 3. 00 6. 36 
64.2 eS 21s ORS = GQete tics LSM 273 3 3. 30 7.00 
165 en eo 2: O ees A=. a2. Ue ee 2. 50 5. 30 
GS See ee 21s & FSSE eS GOsbaeae Sole! << eae 1.10 2. 33 
174 | WER Sts Or eS 26: Oe = COC re cae i a ee 1. 00 Pin die 
11 A Sa ot) ee 26: QO) 22 50 (i Se A RT - 50 1. 06 
3 7 7 ee see eo Qe doef: 6 Ss. ae 47 1.00 
igs s a 21-0 [z22-- doe. te Sr a . 50 1. 06 
£7 7. Se aS eae ee el ao) We la oe CORE iae sa sab a3 
Os eor Wes a 28.5 | Ethyl mercaptan___---____ 19.00 | 32.89 
0 Cask! AS een re 31.5 | m-Butyl mercaptan -______ 3. 00 7.54 
(See th een S220 fete. do Se eal Me. 2. 00 5. 03 
52) i ASPET Wl oes nei do... eee Ge Senay, 
B54 I a a 25h Pee dea i Se 2. 30 5. 78 
1 Uy AS | ee eed Sea 26:0) Gos i se . 90 2. 26 
ee LS eee 2655 ee dQ 28s ha . 30 Asia 
1s ees ee ee Zi Ores (65 (OR ei ea -10 225 
PiGEURE Pe 26.0 |} Methyl sulphide_____-___- 53.80 | 93.14 
PPL AS B), SIRE at PEE] il eS dosiesie 1 .  ae 20.98} 36.32 
DAL Se) eee Ape 255 On eeee 2 dose te ee 9.45 16. 36 
Agr So es 25: Qo ee (6 (0 oe Fe See 10. 44 18. 07 
DOG. SRR es Fa GY a ee Goes...) N= = 3. See 9.75 | 16.88 
7 ay ae ee 24.0 Peo: (6 (0 ee ee 9.49 16. 43 
DOSS FRG Le ee P| wee OOo ep LON =) a ae 5. 00 8. 66 
2652 See eee 20: Qi pee Ges. 222 2 Ee a 12.87 | 22. 28 
266 = Sek Ue Es Oi ee GOS 8 2 SEE 2 ee 11. 54 19. 98 
YA sie on at sete 26.0 | Ethyl sulphide_-.-_-___-_. 4.91 | 12.34 
D2A SABES tS ZES Oo pee sc 11 SS ce SEE 2. 92 7. 34 
256 2) Some 25203 peers (3 (3 poy js RS eS Me 1. 50 eet 
DAs he ee ay ey een GO helo: ee ee 1.72 4.32 
261) 28 NURS oo eS AK nee GQ seers = 8 Soe et se 3. 65 9.17 
2620S ee 20 One ae pe wi ee 3. 72 9. 35 
264 CSE Be 2520) ee =O ses ee. =. US 2. 34 5. 88 
21g Ves aes 26.0 Methyl thiocyanate-_______ 1. 84 3. 75 
DAG SEN A 5 of SS DAN Qi Be aes COQ: See es . 78 1.59 
DE PE SE 2S. A Mi 25 Oe ose ell. 15.3) .36 .73 
ZAG 2 SSeS 26: Qe (0 (00s IS eee oe ee . 20 41 
253= 2 Se + Pa pe 6 (Ot = . 20 -41 
254-5 a 70s ¢| a ee 3 (Ts ae ee 14 29 
PAS ep eee 2650 he Gos btn 2 ee . 09 18 
2632232252 eee 260) (es do Mee.. 32. ee -10 . 20 
DY EO Soares 26.0) Ethyl thiocyanate_________ 1. 04 2.53 
DD bees is ZA) GOs rk. ee . 46 1 12 
7 2d ee ae 23. 05 Qse it ee - 46 iftZ 
Dolstra es 242 Oi ee doses. ss = .19 . 46 
73, ee AAG nee 0223). 2.55 >. See se ls 1.72 
AOD <a eo 2A O) eee Comet bs eh ae . 80 1.94 
ied se od 31.0 | Allyl isothiocyanate______- 1.14 3.15 
Ci ee a ee ge 7d NET ape Got et Se .70 1.93 
ay Se eee 29-0) reas dost. SS. ee . 34 . 94 
1S (as eee ees 29: 0 [e222 do se Se . 62 1.71 
oO eat Be 28.5 | Cyanogen sulphide________ .10 S78: 
Oh ant Oe 28.5. | Mereaptol—-2 = ===> eeee .16 1.16 

De ed ay Sh aN 30.5} Perchloromethyl mer- 
Captoless= 2 So" ee 1. 00 5.18 
QOLa) MF 28.5 | p-Toluenesulphochloride _- 215 . 80 

NITRILES AND ISO- 
NITRILES: 

S052. 2 25.0 |} Acetonitrile. 2. .__.. 5a 11.60! 13.27 
BIOL eee es 25. Oi feseee G0: 222 5 =. Le 12.13 13. 87 
S423: Atco. bows ZA QO Jeo ce GO 2k 4s. ee 3.47 3. 97 
DAG 2st 2s die 7-7 Sate (aes doateiia i) Ces a 4. 97 5. 68 
SEP E Ses 2 des 26; 5 eee dese). 4S ae 3. 90 4. 46 
Sioa 2g 26: Fie ee do Met 3 4 See 5. 70 6. 52 
ASO. AA Be 1 ae 25.0 | Propiontirile: = =... 4a 1.30 1.99 
AVN See 8k 24.0} n-Valeronitrile ___.________ 1.10 2255 
416 = SES 2. bed 24,10 pees (6 () aes ee . 60 1.39 
ATG A NORE UE RS 24.0 Peres Of sie? + ee . 30 . 69 
Boe or Med Ta RS 30.0 | Phenylisonitrile___________ 3 . 34 
OAS Ss Ae ed: 25.0 | Phenylacetonitrile_______- -10 33 
AD fat Meta < 4, ie 20:0) OS. 52 ve . 03 . 10 
ADO aUAAT ALY 2G eee do Seas. Sa . 02 07 
yy ee ee 25:'O) ieee GOs AS) . 07 23 
ABS. 05 Woete ty Ah sols PA (aa tee does 4.55 Fin ae . 03 .10 


[ge eee 


$6 ty Deedee 


Aes 


ma eete-i 
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TaBLE 1.—Results of fumigation tests on weevils in glass flasks at room temperature 
(21° to 32° C.)—Continued 


Test No. 


MISCELLANEOUS NI- 
TROGENOUS COM- 
POUNDS: 


Weevils killed after exposure 
for 24 hours 


| a a, |S 


Tem- 
pera- Fumigant 

ture 

bas OF 

24.0 | n-Butyl nitrite___.________ 
2A: Opts s=8 Ore RES ee bom 2 
2A: OF seo 24 5G [Ge TR Ss A SR a Ranede 
25 OF a2 6 (0) tS le 
25 ON Qa ai re nm ars 
25:0) 2-2 OG ee ee ay a Ea 
2A4-O} yen GQ hee Tie SOIR nn =o 
2AIO Sen 0 Oe a 
24.0 fa (Oka hs e A e ee aeee 
26.0 | Isoamy] nitrite___._______- 
26:0) 2-223 Qe Tee sae Bs = 
Je Fils sose GU? yas Es 
2A O) |S GOS a a es Be, 
24. Oo 222 Gi) ea ee Eas 
24-0) |= C0 open ghee ae 
ZA.0 a Que a rete Sg) 
26508 OUD Sa fy ee eS ee 
24 Oy OKC ee aap ce Se 
20.0) (== GED pip a ee pea es Re ee 
20: O) Gree 2 ree eee A = 
Jae OF a Os Set ee ee Fes 
AF Olena 1G (Ti a al Ele 
77a eee Qe a ee ee 
23.5 | Nitromethane_________-__- 
725 at) (ears GD pa a hE Os Racers! 
26: 5 to COS ere ae 
DASH Ae Gees 2 pe 
24.0 |_____ CL eS ERS 
28.51 N apebenzene Ae ee pee 
leg esate] Oe ee re er 
30. 0 pGulorninebervene ne 
31.0 | m-Dinitrobenzene ____-___- 
28.5 | a-Nitronaphthalene -__-_-- 
24.0 | Diethylamine_-__-._..-_-_- 
ZA OSS (Gnas) Se oe ee 
26. 0 = CQ see reas 8 
20. ON C1 ey ee ON 
PAL GI eect CR ee She > — 4 
ZABO i= Qu nete See eee Sots 
25: Oi * 1G ree es et 
26: OW = DO ge sacs a) a rao a 
26: 04| eee ass 6 8a = = 4 
26.0} n-Butylamine __________--- 
26 Oyen Ott Fae eee * 
27.0} AG Se ee 
2D A Que eee ae 
25:5 4| = OL0 est tey ohlee n pmeiae 
24-03-52 Eee ae Sen SS a 
24. Os ee 
er aA VITO tee Ws eee 
29.0 | Methylaniline____-_..____- 
30. 0 | Dimethylaniline-_--______- 
30. 0 | Ethylbenzylaniline_______- 
30. 5 | Acetphenylenediamine--_- 
28.5 | a-Naphthylamine-..-_____- 
SO Oe yTiGIne. 2.2 2 2s ke 
31. Oe = Omer ee es Fee 
29 Oiler = = GG) ca Se Rk a 
29" On same. meme Fo 
29. Oe! CQ ee Se I sa penn 
30. 5 | Hexamethylenetetramine-- 
23. 5 || Carbon dioxide = _—. -.._-_= 
PACH eae Qe ee eee eS 
77: Hn ee ae GOe eee eee eS eee 
DAS Sapte 23 Ose ASR to 8 
7 Sats oh ees (Di a ee 
5: Bh te ry et SEEDS ee 
Ze deed Sat ane ner a (0 yh ete a ee ee 
29.0 ens chloride: == 422><- 


Concentration 
of fumigant 
Molar | Pounds 

per- per 
cent- 1,000 
age cu. ft. 
S071 26: 15 
4.30 | 12.36 
2. 20 6. 32 
1. 60 4. 60 
1.10 3. 16 
1.00 2. 87 
. 60 1.72 
60 ae, 
. 30 . 86 
4.70 15. 34 
4.84] 15.80 
2. 36 7. 70 
1. 46 4.77 
1. 02 3. 33 
1.13 3. 69 
1. 40 4.57 
1.10 3. 59 
. 80 2. 61 
1. 20 3. 92 
. 80 2. 61 
. 70 2. 28 
- 60 1. 96 
. 80 2. 61 
4,35 7. 40 
4.59 7.81 
SAV 6. 07 
127 2.16 
1. 03 ead 
.10 . 34 
174 41 
5f2 soe 
. 28 1.31 
- 10 . 48 
20.60 | 41.98 
11.80 | 24.04 
5. 80 11. 82 
2. 60 5. 30 
1.10 2. 24 
- 90 1. 83 
- 50 1. 02 
. 80 1. 63 
. 50 1. 02 
10.20} 20.78 
5.30] 10.80 
2. 80 7A 
1.30 2. 65 
. 60 1. 22 
. 30 -61 
. 20 At 
1.89 4,90 
ts -39 
= 15 ool 
- 03 .18 
07 - 29 
. 016 - 06 
1. 69 3.72 
. 84 1.85 
Betig oBY/ 
.39 . 86 
- 83 1. 83 
- 002 . 008 
100. 00 | 122. 64 
100. 00 | 122. 64 
50. 00 61. 32 
33.00 | 40.47 
50.00 | 61.32 
50.00] 61.32 
50.00 | 61.32 
5.00] 16.58 
4. 50 14. 92 


100 100 


15685°—25;——2 
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TaBLE 2.—Formulex, molecular weights, boiling points, and lethal concentrations 
(from results in Table 1) of fumiganis 


Fumigant Formula 
HYDROCARBONS: 
INTMYIGNG 2: to eee , O11 5 (aaa Ses a 
Kerosene 22 ee IMIG UTC 2 ees re eg 
Cyclohexane___--__--_-- Cob ses. eee 
Benzeness {eee ees Ceblgieee te 2 ee 
Roluene= = eames eee CoH Gia fot Ae 
o-xylene2 cote 
Naphthalene 
Anthracene 
BROMIDES: 
(Bromoormssseens eee CEB ee te ee 
Ethyl bromide--_-_-_-_---- CoE Brae 2 2 eee 
Ethylene bromide ------ C@sbiiBrosee 2 2-2 ee 
n-Propy! bromide--_-_-__- C3 Briss. To a eee 
‘Allyl bromides= 222-2222 C3HG Breas 2. ee 
n-Butyl bromide---__-_-.- CO BIC BY ras aaa Py pet caper 
Bromobenzene-_--_----- (OEIE I) 5 ipa ea eae 8 
Benzy] bromide.-_------ Cpe CHE Brives 2 tae 
CHLORIDES: 
Methylene chloride_---_- OHb Chee). 
@hiorolormasse eon WH @) 32020 b Se ee 
Carbon tetrachloride =_|(C Cie a aes 
Acetylene dichloride..__| C2H2Cle__________.______- 
Ethylene chloride_-_-___- Cling: 2 ae 
Ethylidene chloride_-__| C2H4Cle__________________ 
‘Trichloroethane----__-_- OPiS XO] Eyes Sane Sn 
Trichloroethylene_--_-__- Coli sees.) ee 
‘Tetrachloroethane-_---_-_- (OFS 1 ©) ee es Spee SR 
Tetrachloroethylene _-_-__ ees A ERE EPR nepres BS 3 2 
Propylene dichloride -.-| C3HsCle___-__--_-_-_---_- 
Isopropy! chloride -_--_-_- (GEL) TCHGI penis rmeee Be 0 
Monochlorobenzene)2_- |: Cech O©l= = ee 
o-Dichlorobenzene--___- CeHU@Is2 2. 2 5.4 eee 
p-Dichlorobenzene= 2 | CG¢Hu@lo= =) 2-2. eee 
oand p-Dichlorobenzene] CsHiClz_-____--_---------- 
FLUORIDES: 
Fluorobenzene______-_-- CeiHGRi Sok ae 
Difluorodiphenyl___.__- CcHGH-ColHigh= eee 
IODIDEs: 
n-Butyliodide___..___-- (O77) 5 Ki) Reactor ae Se 
ALCOHOLS AND PHENOLS: 
Methyl alcohol________- CHE OH S322 2 aa 
thy lalcohola=s2s a CoHGOMR. 32250... ae 
m-Propyl alcohol________ C3Ey ORGS = 22s eee 
n-Butyl alcohol________- CiHGOHE = eee 
Isoamy] alcohol__._____- CHO tei. a 
Gerantole= 2 55232 Cob CHoOHE aaa 
(Bhiynroleses eantenceee (CH3)2CHCsH3(CH3) OH 
Menthol 22: phs senza atin SP KO) 5 laine pe apes Ns 
ALDEHYDES: 
Chloral hydrate__..___- CCLOHOR):= = 
n-Butyraldehyde--___--- (Onlel Ge kOe eres ses 
Crotonaldehyde._-_-_____- CHECH-CHCHO.__ == 
Murrells <span ChHROCH OR. 2). aa 
Benzaldehyde-_--_______- CcHECHOS22255 2. ee 
KETONES: 
‘Acetone ss 22 ee ore CHcCOCH = 
Chloroacetone____-__--_- CHI CICOCHs--. | a= 
Ethyl methyl ketone___| CoHs;COCH3__.__________- 
Mesityl oxide__._._-___- (CH3)2C-CHCOCH3_____- 
Acetophenone-_________- Crh; COCH::. 2. .aa= 
- phlcEgaretopnenene: =| (CgasCOCHsCl.- 2 --tsaee 
STER 
Methyl formates= == HCOOCHs+. 2 = aaa 
Ethyl formate__________ HCOO CH 2... 
Isopropyl formate ______ HCOOCH(CH3)2________- 
Methyl cyano formate__| CNCOOCH3_-_-_-__________ 
m-Propy] acetate________ CESCOOC3 H.-S 
n-Buty! acetate____-____ CEHECOO CAG =-. aes 
Isobuty] acetate_______- CHECOOC Hs. = 
Isoamy] acetate_________ CHECOOGC Hh. . tae 
Ethyl-n-valerate_...____ CHa COOC2H; == .-- 2 a 


1 Based on international atomic weight values for 1922. 


128. 114 
178. 150 


252. 773 
108. 970 
187. 882 
122. 991 
120. 975 
137. 012 
156. 990 
171.011 


84, 941 
119. 393 
153. 845 

96. 946 

98. 962 

98. 962 
133. 414 
131. 398 
167. 866 
165. 850 
112. 983 

78. 531 
112. 530 
146. 982 
146. 982 
146. 982 


96. 070 
190. 124 


184, 012 


32. 037 
46. 058 
60. 079 
74. 100 
88. 121 
154. 194 
150. 162 
156. 210 


165. 414 
72. 084 
70. 068 


Lethal concentration 3 
(molar percentage) 


Boiling : 
point? {| 571) alee aePlo- 
oryza | 979" bol- dia 
¢ arius | ium 
SOE 
22-3 lee 40.3 | 40.3 | 40.3 }------ 
150-280). 2 | a 38S tee See eee 
808222 2=-3/ 41350) /2135 02 13 Ores 
79-81______ 3.8] 3.8] 3.8] 13.0 
TOS-T1 O22 22 he sae ee Bs Ol Shares 
143 -5— 14475) |e Se ae eee 
218 se 2.2 Sa See Ee So ee eee 
Sob tes A] ae Ne ae ea ee 
142-151____ ONS SS a A ee a 
38-40_____- 2:9:148.0.| (2,9 Wee - 22 
ey ABY neo) 5% Sas ae 
“OSM ee st 4.1] 4 4a) pee 8 
69-71______ SO Fees ts 23.9) eee 
100-101____] 2.6 25 (e) 1G. eee See 
P54=155 22 2] ee Sees lee oe Se 
T98-199. - 2) Se meee es see ee 
40 5-A2. = = Lite AeA see See Ai4 jose 
58-6152. Ne eOl Ol ts. 2 deplon9 
6G bh ees 6597) 6.9 | 6.9 ie 
DO seers 9.0] 9.0] 9.0] 16.8 
83-84. = 2 G208 GRO M iter 6.0 
59.5-61.5__-| 10.2 | 10.2] 10.2] 10.2 
P(A Ne .8 3.8 tik 3.8 
85.5-87____ 10. 0; 10.0] 10.0) 10.0 
144-146____| 1.1 ek: iit heat 
119-121____| 2.6 AC 1 Lake Fal Se 
95-96_____- 5 | eee ep al | eee 
34-36.22 3 See ae SI ee ee ae 
12813255241 a eO ne 2s Oupeee 2.0 
PSB =1SE 2 Pa) ae eC OS ee | ees 
2ST Ao Al ASE oS | ee eet 
es TOs 2210 ee 1.0 
SAO 22 ag thay 2 Drees 
OA Asya ae) Pe aps S| eee ee (eres a 
129-131____ 8 -8 ROE Pi ee 
& Se eae ae 16.0 | 16.0] 16.0} 16.0 
96-98__..- lade |e ewan PS7/ ey 
ny as a | Se Py fs te cd bey al Et LEN 
130-132____ 8 8 .8 8 
2: Uae ened Peeper oes | reegin) ewe Ee 85 |e he ee 
228-2028 2) eae Ss S| eee eee 
3 | | ra et | PSNR | | RRS Ea SS ee 
O75 SA ee a ee eee 
(ham Aaya Pes ‘) 3.3 ae 
104-105. 2243 Gabe Ad | oy Se 
i Koy) roe 4.8 Com Meee eT Seed 
Ti Oi eA 4.3 4 3.. (zee oeo | Sere 
55-00L2 eee 82] 41 Aa tee 
117-119____ S26)! >. 26). = 26) 23e-=— 
9-80___.__ cial atone iat Serdil beat corks Ae 
130-131____ | ea 1.4? pw 
Ps 6 Ae rane $. 16ls eee oes eee 
24 (eee 0 22 ee 10 
31 5-32.02 ee 9 te Gol soon See 
Dose -6 4.6 Be ates 
63-64_____- EO), See <9 ee as 
100-101____ eh 7 wa 52, 
99-102_____ OSS | PAs 1.9 1.9 
§24-126- = 822 dee ee et 4,76 
D517 aS | ee ee 
138-140___- 9 -9 .9 .9 
144--145.5 <> ele ee ee ee 


2 The boiling points given are those of the substances as tested, not those of these compounds of the 


highest degree of purity. 


’ Thelethal concentration here reported represents the minimum percentage concentration which con- 


sistently caused 100 per cent mortality after exposure for 24 hours. 


Since in some cases the concentra- 


tions tested varied decidedly and because of some variationin the experimental results, the results here 
piven do not necessarily represent the exact minimum lethal concentration. 


4 Minimum concentration tested. 
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TABLE 2.—Formulex, molecular weights, boiling points, and lethal concentrations 
(from results in Table 1) of fumigants—Continued : 


Lethal concentration 


Mo- by (molar percentage) 
Fumi he SS SSS 
umigant Formula lecular at Ss. | Tri- 
weight Bp 8. iS fee 
s oryza | 979” bol dia 
arius | ium 
ETHERS: oC: 
IN Gat ales syns ee ras CH3CH(OC2Hs)2----=------ TASH 142! |) 102-104 22) 94538) | 4S eee 
Chloromethyl ether___| CHaClOCH3________________ 80. 510 } 55-60_____- 4222,|4,252) | 42.2) 2208 
Soe a BRP CHECIOCH Cle = MAASSG 21 | tOO-108=— asl ek tale Leder kode eee 
ether. 
CHLOROHYDRINS: 
Ethylenechlorohydrin}| CH2zCICH20H----_-_______- SOL SIOM RI 26—12 (ees ee BER eee 3 | eee 
Epi¢ehlorohydrin-_-_---- C5 ClOE 2 sees Fo ers © eo S2F Olay ble Uhien Soy 4509) 154-10) jh lO eee 
SULPHUR COMPOUNDS: 
@arbondisulphide-7: 47 CSo esis fhe a es (691250 |, 46-2522 =e HO: eee ets 1 se 180 
Ethyl mercaptan __-_-- CoH S Hee ee ae 62.118 | 34.5-35.5___|419. 0 |419. 0 |419. 0 |419.0 
n-Butyl mereaptan.._}) C4HopSH_____--_-.------_____ 90. 160 | 96-98_.___- BO eds Os 28O5 250 
Methyl] sulphide_____- (Og) aS eek pe ys. | 62.118 | 38-39____-- $0.4 | 1074+) 9:.5.)2_7_2- 
Ethyl] sulphide-___-_-- (Gis ys\ Sea he eee 90. 160 | 92-93_____- 2592s On eno |e eee 
Methyl thiocyanate__| CH3SCN____----___-_______ (lO2 1 30-131ee i. al SIA) EE SM 4 eee 
Ethylithiocyanate. 2 2|"CsHsS@ Ne 87. 123 | 146-147___-| .8] 1.0 Stef Oye 
Allyl isothiocyanate -__| C3HsNCS____...-.-.._______ cig) 22550) VS dG IS IR |S Pl a9 ed pas 
Cyanogen sulphide__-| (CN)2S.._------------_----- 84. 086 ray ee ne a ee ene ee ere 
iMereaptolet2 i be (CH3)2C(CeHsS)a_-.--------- ZEONS L372 EA ES Va ee ee ESR EL As IE eee 
Henehloromet hy! TOL POAC la SO leans ees Ae 185. 905 | 146.5-148__|______ a0) [a ee 
captol. 
p-Toluenesulphochlo- | C7H7SO2Cl.__-_..____..-___- 190! Gi. ||) 145-146) (L5i | ee eee 4,15 
ride. mm.) 
NITRILES AND _ISONI- 
TRILES: 
FNCELOIMILT Chee es O18 1 Ol a ee 41.042 | 76-82_____- 5:0)" "5: 02) =5: OF |S - 
Propionitrile_________- Catip Ni ei hyenae oie ee SOA0GSy |p OG EO Seat ae ee |b Sele ee ee 
: n-Valeronitrile_______- EG CNet ee eS Oe Soon loge eee |e dS a) jes es 
Phenylisonitrite> > %~4|) CobigN Cisse sits iS LOS AOS3i 2 1GSIGES 2S: |S Sees Sees ese ES 
Phenylacetonitrile___._| CseHsCHaCN-__-_----------- TOS | 231. Faas ae eet ee Pere eee 
NITRITES: 
n-Buty1 nitrite ______- CHHgINO7 zest Be ee hs = Le 103-100) | 77—79___=. SB apeseuies LS Opts: ee 
TIsoamy] nitrite______- Of 8 Gr Os Sa ee TUG I eS 46] 14 cite df eee pais 
INITRO COMPOUNDS: 
Nitromethane-_______- CERIN Oa ae are es oe 61.037 | 98-10T__-_-_- SEB MeN Bea ee 
Nitrobenzene-____----- CGtirINO ge sae ee ee TPA SUES el lL serene [apa ht al SO 2 Ss 
p-Chloronitrobenzene | ClCsH4NO2______-_--------- WROD DOE | Ae ke eet oly ee peck ee = Bi) a 
m-Dinitrobenzene ___.| CsHs(NO2)2_-_----_----_-__- GAGS 920 Os ers ier ae eee ce, Ee 
a-Nitronaphthalene-__| CioH7NO2--_-------- See A SMUIAP) C3046 5 es) FT AEC NEE ELE o5e 
AMINES: ; 
Diethylamine--______ (Carina Nien eee ae for liGn Oo-DO====s— Ee aes 5 ee 
n-Butylamine_-_-___--_- GUSOING Shy Reese ee eee (3/116) | (6-78-25 2— = - GY) aks 167 | 22am 
AMI inie tse eae (CALE IFIN [18 bye Se RE Re aa CES (OE ec SC i ee parabens | leone 
Methylaniline________ CoHENTHC Hest 2 se TCO Sa ays) a So yee, SE ae Be I es ae De Sk 
Dimethylaniline_____- OoligNi(CiHs) 9s 22 3 Ta Ua Yah | AS 7 cet ee ae Le ae (a 
Ethylbenzylaniline___| CsHsN(C2Hs)CH2CeHs__-_-_-| 211.219 | 285-286____|______]_-____|--_-__]__-___ 
Acetphenylenediamine} NH2CsHsNHCOCHS3.-_--_-_-- HI SOWI S69 | arsed ets 2A Serss 22 not be ee Sl ee aS 
a-Naphthylamine. is © 99 7 NiEN a: oe TASS TRAD | Uy Oe ei i) Pee ae Uy) a 
MISCELLANEOUS NITROG- 
ENOUS COMPOUNDS: 
IPTG tees er ae OVE Uap sania oS as Se aa 79. 073 | 116-118____| .83] .83} .83] .83 
Hexamethylenetetra- | CsHi2N4_-------------------- UM UGE) 33 Ses Se Be oc) is ee ees ee 
mine. 
INORGANIC COMPOUNDS: 
Carbon dioxide_-_-_-_-.- (Of O Die See SPOONS 2a feces pees 44.005 | —78.5____- 50S OF | eee 10050) | fea aes 
Thionyl chloride_____- OVC lara ween eee nr oo eae DTSS980" 7822202 44.5|44.5 |44.5 144.5 


4 Minimum concentration tested. 
HYDROCARBONS 


Against grain weevils, a 100 per cent kill was obtained with amy- 
lene at a concentration of 40.31 per cent, with cyclohexane at a con- 
centration of 13 per cent, and with benzene at a concentration of 3.8 
per cent. Against all of the insects except Tribolium, kerosene, tolu- 
ene, o-xylene, naphthalene, and anthracene were not more than 75 per 
cent effective. 

Trillat and Legendre (26) found that benzene and toluene vapors 
at a concentration of 10 grams per cubic meter were insufficient to 
kill mosquitoes after exposure for an hour at 20° to 28° C. 

Holt (9) tried the effect of benzene, toluene, xylene, naphthalene, 
anthracene, ‘‘benzoline,” heptane, petrol, petroleum ether, and par- 
affin oil (boiling point, 150° to 289° C.), in concentrations of 1 drachm 
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to 1,250 cubic centimeters, on roaches (Periplaneta orientalis L.) con- 
fined in a glass-stoppered 1,250-cubic centimeter bottle. Benzene and 
toluene showed the same toxicity. In general, the higher the boiling 
point the longer the time necessary to kill. ‘‘Benzoline”’ (boiling 
point, 60° C.), which killed in 17 minutes, was the most toxic. 

McChntock, Hamilton, and Lowe (13) compared the toxicity of 
the vapors of naphthalene, kerosene, Australene, Oregon fir turpen- 
tine, oil turpentine, Michigan wood turpentine, and oil of Pinus 
palustris on bedbugs, cockroaches, house flies, clothes moths, and mos- 
quitoes in an 800-liter hood. Naphthalene was the most toxic. 

Jewson and Tattersfield (10) found that naphthalene vapor. had 
no apparent effect on mites (Aleurobius farine De G.), even after 
exposure for 16 hours. 

Lloyd (12) found pure naphthalene, free from tarry acids, to be a 
poor fumigant against adult greenhouse white flies (Asterochiton 
vaporariorum Westw.). Ata temperature of 69° to 72° F., 0.5 gram of 
pure naphthalene killed only 3 per cent of the adult white flies con- 
fined in a half-gallon glass-stoppered jar during exposure for an hour. 

Lefroy (11) found that xylene, turpentine, cymene, and pseudocu- 
mene killed 100 per cent, and that eucalyptus oil killed some meal- 
worms dipped in the liquid. 

Russell (22) found toluene more effective than carbon disulphide 
in the partial sterilization of sick soil in which tomatoes were growing. 


Titschack (25) found the vapor of benzene to be very much less | 


effective than carbon disulphide against the eggs, larve, and moths 
of the clothes moth (Tineola biselliella Hum.). Xylene also showed 
a low toxicity, but naphthalene was effective. 

Richardson and Smith (21) found the toxicity toward the black 
aphis (Aphis rumicis L.) to increase from benzene through toluene 
to xylene, but in all cases the tolerance of the host plant, nasturtium, 
was much less than the minimum toxic concentration. Cyclohexane 
was twice as toxic as benzene. 

Tattersfield and Roberts (24) found that anthracene and phenan- 
threne were nontoxic to wireworms; that mesitylene, p-cymene, and 
naphthalene had marginal toxicity; and that n-pentane, n-hexane, 
n-heptane, benzene, toluene, and m- and p-xylene had low toxicity. 
Of the hydrocarbons examined only pseudocumene had moderate 
toxicity. Moore (15) found that the toxicity of petroleum ether, 
benzene, toluene, xylene, gasoline, camphene, Tarphi thrlenes and kero- 
sene toward flies increased with diminishing volatility. 

The low toxicity and ready inflammability of all the hydrocarbons 
tested make this class of organic compounds unpromising in the 
search for a practical fumigant. 


BROMIDES 


The most effective bromide tested during the investigation re- 
ported in this: bulletin was ethylene bromide, which killed 100 per 
cent of the weevils at a concentration of only 0.5 per cent. The 
order of toxicity of the other bromides follows: Bromoform, n-butyl, 
ethyl, allyl, n-propyl, and benzyl bromide, and bromobenzene. 

Bromoform and monobromobenzene were found by Tattersfield 
and Roberts (24) to be moderately toxic to wireworms. Moore (14) 
tested the action on flies of bromobenzene, p-dibromobenzene, o- and 
p-bromotoluene, and bromoxylene. The disubstitution products 
were more toxic than the monosubstitution products, and the bromine 


SN re ee ey een 
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compounds were more toxic than the corresponding chlorine com- 
pounds. From tests on potato-beetle eggs with bromoform, tri- 
methylene bromide, o-bromotoluene, and bromoxylene, Moore and 
Graham (1/7) concluded that the toxicity of organic compounds to 
insect eggs increased with decreasing volatility. Moore (15) also 
tested the action of bromoform, brometone (tribromo tertiary 
butyl alcohol), and ethylene bromide on flies. 

Bertrand and Rosenblatt (2) found benzyl bromide to be more 
toxic than carbon disulphide, but less toxic than monochloroacetone 
to the larve of (Bombyx) Malacosoma neustria L. 

Holt (9) found that it took nine minutes for the vapor of bromo- 
form (0.8 gram per liter) to kill cockroaches (Periplaneta orientalis 
L.), as compared with eight minutes for carbon disulphide at the 
same concentration. 

Organic bromides have the disadvantage of being costly. While 
the bromides are in general more effective than the corresponding 
chlorides, they can not be expected to give an economical fumigant, 
because liquid bromine is usually quoted at a price four to five times 
that of chlorine; furthermore, 35.5 units by weight of chlorine are the 
chemical equivalent of about 80 units by weight of bromine. 

Kthylene bromide and ethyl bromide (Tables 3, 4, 5, 6, 7, 8) are 
the only bromides which seem worth a further trial. 


CHLORIDES 


Trichloroethane, s-tetrachloroethane, propylene dichloride, and a 
mixture of o- and p-dichlorobenzene gave 100 per cent mortality in 
concentrations of 2 per cent or less. Other chlorides showed the 
following order of toxicity: Monochlorobenzene, p-dichlorobenzene, 
tetrachloroethylene, methylene chloride, ethylene chloride, carbon 
tetrachloride, chloroform, acetylene dichloride, trichloroethylene, 
eth ylidene chloride, and isopropy! chloride. 

Tattersfield and Roberts (24) experimented with wireworms. 
Dichloroethylene, trichloroethylene, carbon tetrachloride, chloro- 
form, and tetrachloroethane, in the aliphatic series, and mono- 
chlorobenzene and o-chlorotoluene, in the aromatic series, had a low 
toxicity; 1, 2, 4-trichlorobenzene, monochloroxylene, p-dichloroben- 
zene, and benzotrichloride had a marginal toxicity; o-dichloroben- 
zene and benzal chloride had a moderate toxicity; and benzyl 
chloride had a high toxicity. 

Parker and Long (1/9), using several chlorides against the larve 
of Trogoderma khapra Arrow, at a concentration of 10 ounces per 1,000 
cubic feet and an exposure of 1,000 minutes, obtained a mortality 
of 11 per cent with carbon tetrachloride, 27.7 per cent with tri- 
chloroethylene, 73.3 per cent with tetrachloroethane, and 77.7 per 
cent with pentachloroethane. 

Holt (9), Trillat and Legendre (26), Bertrand and Rosenblatt 
(2), Lefroy (11), McClintock, Hamilton, and Lowe (18), Titschack 
(25), and many other investigators report that chloroform has a low 
toxicity against various insects. 

Altson (1), using the vacuum method commonly employed with 
hydrocyanic acid gas, found tetrachloroethane useless for the fumi- 

ation of beetles in wood. He recommends both o- and p-dichloro- 
enzene as a deterrent to timber beetles. 

Lloyd (12) reports that tetrachloroethane gives good results 
against the white fly in greenhouse fumigation, but is without 
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effect on the eggs. About half a pint per 1,000 cubic feet should be 
used, and the fumigation should be continued for not less than 18 
hours. Lloyd states that: 

It has been used for a wide variety of plants, including tomatoes, and no 
damage has resulted except in one case when the foliage of three young sycamores 
(Acer pseudo-planatus) * growing in pots turned brown the day after the fumi- 
gation and was subsequently shed. 

Speyer (23) also found tetrachloroethane effective against adult 
white flies, but its effect on the red spider was only temporary. 
The tetrachloroethane, when used at the rate of 10 ounces per 
1,000 cubic feet, severely injured several varieties of chrysanthemum. 

Richardson and Smith (21) found that 34 and 31 grams per 100 
cubic centimeters of chloroform and carbon tetrachloride, res- 
pectively, were necessary to kill aphids, and that the tolerance of 
the nasturtium plant for these two compounds varied from 5 to 8. 
Chlorobenzene and commercial trichlorobenzene were less toxic to 
aphids than carbon disulphide, and their toxic concentrations ex- 
ceeded the tolerance of the plant. 

Moore (14, 15) used chlorobenzene, p-dichlorobenzene, chloroform, 
carbon tetrachloride, and chloretone (trichloro tertiary butyl 
alcohol) in various tests on flies. 


FLUORIDES 


Fluorobenzene at a concentration of 1.9 per cent showed 100 per 
cent mortality against Srtophilus oryza, but difluorodiphenyl ex- 
hibited almost no toxicity, owing probably to its slight volatility at 
the temperature of the test. 

Organic fluorine compounds have not been tested by many investi- 
gators, probably because they are rare and expensive. 


IODIDES 


The only iodide tested, normal butyl iodide, killed all the weevils 
at a concentration of 0.8 per cent. 

Moore (/4) found iodebenzene to be more toxic to house flies than 
the corresponding bromine and chlorine compounds. 

Tattersfield and Roberts (24) found iodoform to be nontoxic to 
wireworms, while iodobenzene was moderately toxic. 

According to Holt (9), cockroaches dusted with iodoform did not 
succumb until a period of 9 hours had elapsed. 


ALCOHOLS AND PHENOLS 


Methyl alcohol was more toxic than ethyl alcohol, but with this 
exception the toxicity increased with increasing molecular weight 
through isoamyl alcohol. Thymol, menthol, and geraniol are so 
slightly volatile at ordinary temperature as to be practically nontoxic. 

Richardson and Smith (2/) found meeiay ethyl, n-propyl, 
n-butyl, capryl, isoamyl, benzyl, and furfuryl alcohols to be ineffective 
against aphids. Even pure methyl and ethyl alcohols killed less 
than 95 per cent of the insects. 

Moore (15) found the toxicity of methyl, ethyl, and amyl alcohols, 
menthol, and thymol on house flies to increase with decreasing 
volatility. 

Trillat and Legendre (26) showed that methyl, ethyl, propyl, and 
amyl alcohols had only a feeble toxicity to mosquitoes. ~ 


4Sycamore maple. 
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Titschack (25) showed that ethyl alcohol was ineffective against 
the eggs and larve of clothes moths. 

MeClintuek Hamilton, and Lowe (/3) found the effectiveness of 
methyl and ethyl alcohols to be low against bedbugs, cockroaches, 
house flies, clothes moths, and mosquitoes. Menthol was about half 
as toxic to bedbugs as carbon disulphide. 

Holt (9) found methyl] alcohol tg be more toxic to cockroaches than 
ethyl or amyl alcohol. All required at least 45 minutes to produce 
death, however. 

Lefroy (11) reported that 70 per cent ethyl alcohol failed to kill 
-any mealworms dipped in it. 

Burmeister in 1836 (3, p. 39) recorded instances of beetles which 
after being immersed in spirits of wine for 12 hours recovered all their 
functions when removed from it. 

Apparently alcohols of the fatty acid series have low toxicity to 
insects and are not suited for fumigants. 


ALDEHYDES 


Crotonaldehyde was much more toxic than n-butyraldehyde. 
Furfural and benzaldehyde showed marked toxicities at concentra- 
tions of less than 1 per cent. The chlorine-substituted aldehyde, 
chloral hydrate, had low toxicity. 

Richardson and Smith (21) tested paraldehyde, aldehyde ammonia, 
chloral hydrate, furfural, and benzaldehyde against aphids. Even 
benzaldehyde, the most effective, was not a practical apiieidee as a5 
per cent solution was required to kill. 

None of the many experimenters with formaldehyde, an effective 
fungicide, has discovered any practical value for it as a fumigant 
against insects. Phelps and Stevenson (20) found a 0.5 per cent solu- 
tion to be effective as a stomach poison to flies, possessing a co- 
efficient of 2.32 as compared with a coefficient of 1 for 0.001 normal 
arsenite solution. Four and 8 per cent formaldehyde solutions were 
less effective than the 0.5 per cent solution; a 1 per cent solution 
had a coefficient of 2.36. ‘The addition of molasses and brown sugar 
diminished the effectiveness of the formaldehyde solutions. Dry 
powdered paraformaldehyde showed a coefficient of only 0.14, 
while a saturated solution had a coefficient of 1.90. 

Moore (15) found that the toxicity of acetaldehyde, chloral hydrate, 
and furfural to house flies in general increased as their volatilities 
decreased. 

According to Davis (5), acetaldehyde is ineffective against white 
sees in soil. Trillat and Legendre (26) report that it has only a 
eeble toxicity for mosquitoes. 

Lefroy (11) found a solution of chloral hydrate in water to have no 
effect on mealworms. Holt (9) reports that roaches dusted with 
powdered chloral hydrate survived for 4 hours. 

McClintock, Hamilton, and Lowe (1/3) found benzaldehyde to be 
more effective than carbon disulphide against bedbugs, cockroaches, ~ 
and house flies, equally effective against clothes moths, and less than 
half as toxic to mosquitoes. 

KETONES 

Ethyl methyl ketone was more effective than acetone (dimethy! 
ketone). The introduction of chlorine into a ketone, as in chloro- 
acetone, enormously increased its toxicity. 
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Richardson and Smith (21) found that even 100 per cent acetone 
and ethyl methyl ketone killed less than 95 per cent of aphids, and 
acetal was effective only in concentrations over 50 per cent. 

Moore (i5) found the toxicity of acetone, bromomethyl phenyl 
ketone, and menthone to house flies to increase with diminishing 
volatility. 

Holt (9) found that it took acetone vapor 32 minutes to kill cock- 
roaches, as against 8 minutes for carbon disulphide. 

Lefroy (11) found that acetone killed no mealworms dipped in it. 

According to McClintock, Hamilton, and Lowe (13), acetone has 
very little effect against bedbugs, cockroaches, house flies, clothes 
moths, and mosquitoes. 

Titschack (25) found acetone less effective than carbon disulphide 
against the eggs and larve of clothes moths. 

Guérin and Lormand (7) found that bromoacetone had no apparent 
effect on plants at a concentration of 1 to 2,000 exposed for an hour. 

Bertrand and Rosenblatt (2) found monochloroacetone to be very 
much more active against the larve of (Bombyx) Malacosoma neustria 
L. than ether, chloroform, carbon tetrachloride, or carbon disulphide, 
but less active than hydrocyanic acid or chloropicrin. 


ESTERS 


The esters showed a higher toxicity to weevils than any other class 
of organic compounds tested. Methyl, ethyl, isopropyl, and methyl 
cyano formates and isoamy] acetate are more toxic, molecule for mole- 
cule, than carbon disulphide. Propyl acetate is less toxic than car- 
bon disulphide; n-butyl acetate, isobutyl acetate, and ethyl-n- 
valerate are so slightly volatile at the temperatures used that they 
do not give 100 per cent mortality in the concentrations obtained. 

Richardson and Smith (2/) tested the action on aphids of amyl 
acetate, methyl salicylate, and benzyl acetate. Benzyl acetate, at a 
concentration of about 1 per cent, was the most effective. 

Moore (15) tried the effect on house flies of methyl salicylate, 
ethyl malonate, ethyl acetoacetate, amyl acetate, amyl valerate, and 
propyl! acetate. 

Lefroy (11) found that amyl acetate killed all mealworms dipped 
in it, while methyl salicylate and ethyl acetate killed some. 

Moore (16) tried the effect of a wide variety of substances on the 
clothes louse. He concluded that liquids less volatile or more volatile 
than creosote are not as successful, and that, while not quite as good, 
crude phenol and methyl salicylate are the best substitutes. 


ETHERS 


s-Dichloromethyl ether had an efficiency comparable to that of 
carbon disulphide; chloromethyl ether was about half as effective. 
Acetal was effective at a concentration of slightly over 4 per cent. 

Ethyl ether was the most volatile and least toxic of all materials 
used by Moore (1/5) against house flies. 

Ethyl ether has been tested by a number of other experimenters, | 
but in all cases it showed only a low toxicity against insects. 

CHLOROHYDRINS 

Epichlorohydrin, the most toxic substance tested in this investiga- 
tion, killed 100 per cent of S. oryza at a concentration of only 0.09 
per cent. Ethylene chlorohydrin at the maximum concentration 
tested, 1.4 per cent, was ineffective. 
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Apparently chlorohydrins have not been tested by other experi- 
menters with insecticides. 
SULPHUR COMPOUNDS 


Methyl and ethyl thiocyanates and allyl isothiocyanate were more 
effective than carbon disulphide; methyl and ethyl sulphides and 
ethyl mercaptan were less effective than carbon disulphide. Butyl 
mercaptan was as effective as carbon disulphide against S. oryza, but 
only half as effective against the other species of weevils. 

Mercaptol is so slightly volatile as to be ineffective. Cyanogen 
sulphide killed no weevils at a concentration of 0.1 per cent; per- 
chloromethyl mercaptoland p-toluenesulphochloridegave variable kills. 

Richardson and Smith (2/) found that a concentration exceeding 
5 per cent of carbon disulphide was necessary to kill aphids, whereas a 
solution containing less than 2 per cent injured the nasturtium plant. 
According to Moore (15), molecule for molecule, allyl isothiocyanate 
is more toxic against house flies than chloropicrin, and carbon disul- 
phide and ethyl mercaptan are more toxic than their relative vola- 
tilities would indicate. : 

Tattersfield and Roberts (24) found allyl isothiocyanate to be the 
most toxic to wireworms of all compounds tested by them. ‘The 
toxicity of carbon disulphide was equal to that of benzene. 

Speyer (23) found ethyl mercaptan to have no effect on red spiders. 
It A failed to kill adult white files. 


NITRILES AND ISONITRILES 


n-Valeronitrile had a toxicity as great as that of carbon disulphide; 
acetonitrile was about one-fifth as toxic as carbon disulphide. Pro- 
pionitrile and phenylisonitrile were ineffective. Phenylacetonitrile 
was the most toxic of this class of compounds, killing all S. oryza at a 
concentration of 0.10 per cent. 

Moore (14) found that the toxicity of benzonitrile to house flies com- 
pared with that of iodobenzene and xylene. 


NITRITES 


n-Butyl nitrite and isoamyl nitrite were about equally toxic. 

Moore (15) found that amyl nitrite had about the same toxicity to 
flies as gasoline. 

Tattersfield and Roberts (24) found that the toxicity of amyl 
nitrate to wireworms was low and tkat the toxicity of amyl nitrite 
was moderate. 

Speyer (23) found that the grubs of a chironomid fly (Orthocladius) 
came to the surface of the soil of cucumber pot plants and were killed 
in a short time when amy! nitrite and amyl nitrate were used. He 
also found that methyl nitrite had a more permanent effect on red 
spiders than amyl nitrate and tetrachlorethane, but that it was 
necessary to use concentrations which hurt the plants. The adults 
of the white fly were killed by all these vapors. 


NITRO COMPOUNDS 


Nitromethane was the only nitro compound which killed all of the 
insects; a concentration of 3.6 per cent was necessary. Nitrobenzene, 
p-chloronitrobenzene, m-dinitrobenzene, and a-nitronaphthalene at 
Saturation concentrations killed none of the weevils. 

Moore (1/5) found nitrobenzene even more toxic than nicotine to 
house flies. 


15685°—25}——3 
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Several nitro compounds have been tested against wireworms by 
Tattersfield and Roberts (24). m-Nitroaniline, o-nitroaniline, p-nitro- 
phenol, nitronaphthalene, dinitrobenzene, and nitrobenzaldehyde 
were nontoxic; o- and p-nitrochlorobenzene, o- and p-nitrotoluene, 
p-nitroaniline, and nitroxylene (mixed derivatives) had marginal 
toxicity; nitromethane had low toxicity; nitrobenzene had moderate 
toxicity; and o-nitrophenol and nitrochloroform (chloropicrin) had 
high toxicity. 

AMINES 

Diethylamine and n-butylamine were more toxic to weevils than 
carbon disulphide. None of the other amines tested (aniline, 
methylaniline, dimethylaniline, ethylbenzylaniline, acetphenylene- 
diamine, and a-naphthylamine), however, showed any toxicity. 

Richardson and Smith (21) tested the action of the following com- 
pounds on aphids: Trimethylamine hydrochloride, tetramethylam- 
monium chloride, p-phenylenediamine, phthalimidine, methylamine 
hydrochloride, diethylamine, triethylamine, triethylamine hydro- 
chloride, tetraethylammonium chloride, tetrapropylammonium 
- hydroxide, isobutylamine, diamylamine, triacetonamine, hexamethyl- 
enetetramine, formamide, dicyanodiamide, choline hydrochloride, 
betaine hydrochloride, nitroguanidine, succinimide, aniline, benzyl- 
amine, benzidine hydrochloride, m-phenylenediamine hydrochloride, 
camphylamine, and tetrahydrobetanaphthylamine hydrochloride. 
None of these approached nicotine in toxicity. Tetramethylam- 
monium chloride, the most effective, required a concentration of 0.35 
per cent, compared with an effective concentration for nicotine of 
only 0.007 per cent. 

Tattersfield and Roberts (24), in tests on wireworms, found that 
o- and m-nitroaniline, m-phenylenediamine, phenylhydrazine, naph- 
thylamine, and diphenylamine were nontoxic; that p-nitroaniline 
and p-chloroaniline nnd marginal toxicity; that trimethylamine, 
ethylamine, dimethylamine, monomethylamine, aniline, and o-chloro- 
aniline had moderate toxicity; and that o- and p-toluidine, xylidine, 
dimethylaniline, and monomethylanilne had high toxicity. 

Foreman and Graham-Smith (6, p. 113) found aniline (saturated 
aqueous solution) and aniline hydrochloride to be toxic to flies when 
taken by the mouth. The hydrochloride of o0-toluidine had a similar 
effect, but p-toluidine hydrochloride was nontoxic. Fles taking 
once iy lenatine hydrochloride appeared to be dead in 10 minutes, 
but recovered in 2 hours. Hydroxylamine hydrochloride in 2 per cent 
solution had little effect, or none, and a 1 per cent solution of m-phe- 
nylenediamine had no effect. 

Jewson and Tattersfield (10) tested the action on mites (Aleurobius 
farine) of aniline, monomethylaniline, and dimethylaniline. Most 
of the large mites remained alive, but moved sluggishly. 


MISCELLANEOUS NITROGENOUS COMPOUNDS 


Pyridine at a concentration of 0.8 per cent killed all the weevils, 
but hexamethylenetetramine showed, no killing power. 

Richardson, and Smith (2/) sprayed aphids with the following 
pyridine and quinoline derivatives: Nicotinic acid nitrate, 4-dimethyl- 
aminoantipyrine, n-ethyl piperidine sulphate, n-ethyl piperidine, 
crude chloropiperidine, piperidine sulphate, pyridinium ethyl hydrox- 
ide, pyridine, pyridinium ethyl iodide, piperidine, methylene dipi- 
peridine, y y dipyridyl, a-picoline, pyrrole, quinoline, tetrahydro- 
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quinoline, quinaldine, and piperazine. The minimum toxic concen- 
tration of pyridine was 25 grams per 100 cubic centimeters of solu- 
tion. None of these compounds was more than one-hundredth as 
effective as nicotine. 

McClintock, Hamilton, and Lowe (13) found little difference in 
the toxicity of pyridine, pyridine bases, and quinoline for bedbugs, 
cockroaches, house flies, disthes moths, and mosquitoes. 

Jewson and Tattersfield (10) found pyridine effective against mites. 

Lefroy (11) found that quinoline and pyridine killed some of the 
mealworms dipped in the liquids, but that a 1 per cent aqueous 
solution of nicotine killed none. 

Tattersfield and Roberts (24) found that pyridine was moderately 
toxic against wireworms. 

Moore (15) found pyridine somewhat more toxic than its position 
in the table of organic compounds arranged according to volatility 
would indicate. Its toxicity was about the same as that of furfural. 


INORGANIC COMPOUNDS 


None of the inorganic compounds tested proved suitable as a 
fumigant. Thionyl chloride killed all weevils at a concentration of 
4.5 per cent; concentrations of carbon dioxide ranging from 50 to 100 
per cent were required to effect a complete kill. 


RELATION BETWEEN VOLATILITY AND TOXICITY OF FUMIGANTS 


The compounds causing 100 per cent mortality to S. oryza (selected 
on account of its high resistance to fumigants) exposed to them for 
24 hours, together with their boiling points, are listed in Table 3. 


TABLE 3.— Toxicity of fumigants to Sitophilus oryza (arranged in order of decreasing 


effect) 
peer Minimum 
- tion caus- Boiling pee wo Cost per Cost per 
Fumigant ing 100) per point i per cent pound 2 PROD GEEAG 
tality in 24 mortality, 
nouns in ours 
Lbs. per 
| Per cent OF 1,000 cu. ft.| Dollars Dollars 
IE ypicnlorohyarin= 2-22 =. 222 oe eee * 30.09 116. 6 0. 23 27. 22 6. 26 
iPhenylacetonitriles 2 sem. oS . 10 2315.0, 33 18. 14 5. 99 
Chloroacetophenone----_------------------- . 10 247.0 43 9. 07 3. 90 
WWiethyiihOCyan ales wns oe te STO 133. 0 20 Die2e 5. 44 
ACE LO DHE ONG Meise Spices eat 2 oe be om 5 3.16 202. 0 . 54 5. 90 3. 18 
ChiorgorcelOue en es Se OAs AE eee BIEL . 26 119. 0 .67 27. 22 18. 24 
IBen7ZaldehyGGe 28.5 ete ee ee Fy ee | 3.27 178. 3 . 80 1G aie? . 90 
AIVISOTHIOCYaNaAleL 2952-22 a 3 34 150. 7 . 94 4.08 3. 84 
Crovouakdenyvdes ss -se 1s oe Peel ere y 3 50 104. 0 eB fetal ch 8 hh re rer ae 
EEhylene-OEOmid es see tee E: . 50 129. 0 2. 62 .91 2. 38 
PSODIGpyeMlOL Males ean eas Shean en 3. 50 70. 0 1. 23 ZED, 2.79 
UMOSTE WRI GO: =. Sx teriie sel ts 92s ech 250 130. 0 1. 50 13. 61 20. 42 
Jsoamvliniguiteses= = 2 Se ee 3.60 99. 0 1. 96 9. 07 17. 78 
EC hytonimatesct dose 24s Se Bee . 60 54. 4 1. 24 . 40 . 50 
(TreLSy PAIR 0071) 2 1 2 ee ie . 60 75. 0 TZ 3. 63 6. 24 
UALB\D UNA CAO It T(c\o Be & ORT ae Perky a ae eee ee Ee Oem are . 60 76. 6 |. 122 36. 29 44, 27 
Methyl cyano formate: =. 22-2222... . 68 100. 0 TU (Sf bet i Pie pacientes 
Fropy ene CYCh OF ee. ee ae eee ae sae 96. 8 2. 20 1. 27 2: a 
PING Bhae eee a SA AAMT Od Fa) IE . 80 161. 0 2.14 B20 A) 
Anichlergebhane =: Shee. 27 lt ate ie ee oT . 80 74. 1 2.97 PAH 6. 74 
poo! Been A NE aS eS ee ee . 80 131. 0 1, 96 * ee es “ie 
Tia iVAOGIGG tS sees ee a ee . 80 129. 9 4.10 . 07 7.1 
iy GnOGyanale! 1 ee ee oe . 80 146. 0 1, 94 22. 68 44,00 
EVEL Gare eet eer) ee os SERA RL eee . 83 116. 0 1. 83 . 36 . 66 


1 Boiling points taken from Beilstein. u 

2 Most of the prices are taken from List No. 10 of the Eastman Kodak Co., Rochester, N. Y., issued 
September, 1923; some arefrom wholesale quotations by the Oil, Paint, and Drug Reporter, March 3, 1924; 
and some are quotations from the Miner Laboratories, Chicago, Ill. 

3’ Minimum concentrations tested. 
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TABLE 3.—Tozicity of Pion to Sitophilus oryza (arranged in order of decreasing 
effect) Continued 


Minimum Ri 

concentra- Minimum : 

tion caus- | Boi ape etd GC Cost per 

Fumigant ing 100 per oving ~ Causing E ost ‘per 1,000 cubic 
point per cent pound 2 
cent mor- talit feet 
tality in 24 SES 
nounS in 24 hours 
Lbs. per 
Per cent 268 1,000 cu. ft.| Dollars Dollars 

Vie Ghayalat oni ate ase nto Ae A ee 3.90 32. 3 1.51 1. 59 2. 40 
TsoamiyMacetatec’: 22.500 0a so eee oto . 90 139. 0 3. 26 .91 2. 97 
Diethylamines qq! ee aoe sees +90 55. 0 1. 83 16. 33 29. 88 
N=BubYVATMET CAP CAMS = oe ms late eg eed ean . 90 97.0 2. 26 36. 29 82. 02 
A BHEO) 00X0) C0) 00 ey re a ag ee es 3,94 150. 5 6. 62 2. 04 13. 50 
o-.and p-Dichlorobenzene___-._ 2s 1. 00 175. 0 4,10 mally 615 
Carbonidisal phidels 2489. see eee 1.00 46. 0 2.12 . 06 er 
s-Tetrachloroethane- —_.-_..2:-----__--2-__ 1.10 147.0 ils Ve ai 5. 82 
PAV OLETOMIGHUEE 2s ooh ae Desa Fe EUR NER 1.10 141.0 Bs 5 2ieae 69. 41 
s-Dichloromethy] ether_____.____/___2_2___ 1.13 105. 0 3. 62 27. 22 98. 54 
HPAI ONAL Oa) eee 1.70 97.4 2. 85 1. 36 3. 88 
NEBULY Lal COMO]es 2) 2 Ue eN are ie Su equal kage 31.70 117.0 Ch wil . 76 2. 67 
i thylamethivaliketome sume sien eeu nena 31.80 79. 6 3. 62 . 30 1. 09 
Bluorobenzene: 3s 6 pas ie ere bs pose 3 1.90 84. 9 OOO a 3358 se |S Oia ee 
STV OrO DOTaZ STC eee ai asap ie a eae te 2. 00 132. 0 6. 27 . 09 56 
‘C@hloromethyalethers ee es ee 32. 20 59. 5 4,94 13. 61 67. 23 
TaETO DN WACE FAC 5 meee Se TS ae 2. 50 101. 6 eglel a OA 16. 14 
HAS WU UO RovOdUKG Kg Nee Sa 2. 60 101. 0 9. 93 4,54 45. 08 
‘Detrachloroethylenes ss 2s eee ya Bpe 2. 60 121.0 12. 02 is 18? 13. 58 
cB thy Sulphice™ see anhu nies One Nee 2. 90 92. 0 7. 29 227, 16. 54 
TC hyslubo rn maidl © Sees eo aes ee Uae es 2. 90 38. 4 8. 81 .40 3s by 
INitromethane!e ae. ae eo eyes 3. 60 101. 0 6. 12 9. 07 DORE 
EL B65 VAS) 0 = atta IS A a HA Eh i SiS Bt ea 3. 80 80. 2 8. 27 4.04 33 
UU Ploy top aaa yeti Lorene nae rae TEs alana ie 3 3. 90 70. 0 13.15 15. 88 208. 82 
TAP AOONal oOo Os Seat e oN 4,10 70. 8 14. 05 13. 61 191. 22 
INGOTARERK ET Eo Gye Peete apis PUB pias ten 3 4.30 102. 2 14,15 18. 14 256. 68 
Methylene whlorid ess 222 se sue ee 4, 40 47. 6 10. 42 6. 80 70. 86 
Thionylchloride: _ Manse Ea ee eet es 3°4. 50 78. 0 14. 92 9. 07 135. 32 
A GEtOMIGr essiede ls es Bees ee 5. 00 81. 6 7 18. 14 103. 58 
ZF B WAM Kon Ola es Se Se eee 5. 50 77.0 LOS 13. 61 150. 39 
IN thiylene Chlorides Sasa ahs eee ee a 6. 00 83. 5 16. 55 . 68 11. 25 
CGarbonktet Gach! Ori eee eee eer es 6. 90 76. 7 29. 58 .082 2. 44 
Ciorelort PANS to aR ayant ak Nap 7. 00 61. 2 23. 29 .o2 7.45 
PACE TOME: Fe Bee aie Ri Nc ey a 8. 20 56. 5 -13. 27 . 20 2. 65 
Acetylene dichloride Sa ele 2 Se ea 9. 00 55. 0 As oY i aS Ra a Le es 
Trachloroethylenes so) Siar eE is nape 10. 00 88. 0 36. 62 . 36 13. 18 
Héhylidene chlorides... seen aes. ee 10. 20 59. 2 28. 13 22. 68 637. 99 
ING iE aly SVoU Yo} ANC (Se ee IS i ee 10. 40 38. 0 18. 00 45, 36 816. 48 
@yclohexaneite! Sve Gee wpa See ee 3 13. 00 80. 8 30. 48 22. 68 691. 29 
Methyl alcohol sas a2. waa aie cen 16. 00 64. 7 14. 28 5.15 2.14 
Et hiyaln er cal bare eee ee ee eee 3 19. 00 37.0 32. 89 9.07 298. 31 
UNG GGT ASN a Vs tees ae area nent UR a EAE uy eee 40. 30 22-37 78. 76 9. 07 714. 35 
G@ ar bOniGiOxid Cae. es ee ee oer eater ee 50. 00 —78. 5 61. 32 07 4, 29 


3 Minimum concentrations tested. 
4 Chemically pure, in drums, sold for 30 cents a gallon. 
5 Purified, in drums, sold for $1 a gallon. 

While the volatility of organic compounds at ordinary temperatures 
is not proportional to their Doiling points, very few data on the v ape 
pressure of these compounds at ordinary temperatures are availabl 
For that reason the boiling points were used in this investigation. 
The compounds are arranged in the order of decreasing toxicity, 

Moore (15) states: 


In general, the toxicity of a volatile organic compound is correlated closely with 
its volatility. A decreasing volatility is accompanied by an increased toxicity. 
The boiling point of the chemical is a general index of its volatility. Compounds 
with boiling points of 225° to 250° C. are usually so slightly volatile that they, 
do not produce death except after very long exposures. 


If this theory is true, the boiling points of the compounds should 
show a decrease, indicating i increasing volatility, but no well-defined. 
relation between the toxicity and the boiling point is shown in Table 3. 
This is not in agreement with Moore’s theory. 
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EFFECT OF FUMIGATION ON WEEVILS IN THE PRESENCE OF GRAIN 
IN BOTTLES, BOXES, AND BARRELS 


In order to ascertain the action of the compounds as they would 
be used in practical fumigation work, weevils were placed in pill boxes, 
with perforations to permit the entrance of the vapor, and the boxes 
were placed at different levels in grain, usually wheat. The weevils, 
usually about 10 to the box, were exposed to the action of the com- 
pounds for 24 hours, at temperatures from 21° to 32° C. 

One series of tests was carried out in large glass bottles of 19 liters 
capacity (Table 4), another in a wooden box of 100 cubic feet 
capacity (Table 5), and another in a barrel of 6 cubic feet capacity 
(Table 6). The fumigant or mixture of fumigants was applied in all 
these tests by pouring the calculated quantity over the top of the 
grain and then closing the receptacle. The bottle had astopper, the 
barrel had a wooden head, and the box was provided with felt strip- 
ping and a tight-fitting cover, which could be clamped down. 

(In Tables 4 and 5 the more toxic substance, with its concentra- 
tion, is given first; the less toxic substance, used principally as a 
diluent, with its concentration, is given next.) 


TaBLE 6.—Results of fumigation tests°on weevils in grain in barrels (6 cubic feet 
capacity) 


Weevils killed after exposure for 24 hours 


Concen- |Aver-| Bottom of barrel | Middle of barrel | Top of barrel 


No. Fumigant ene mor ER 9 Re ev et 
nt jtali ; : j 
ee ty g S.gra- fe s S.gra- re S.gra- ate 
> - | nar- ol- | nar- ol- | nar- ol- 
ory2a) ius |ium |°7Y7") jus | ium |%Y4! ius | ium 
Lbs. per 
1,000 cu. 


, ft. Pct. | P. cla Pret. SP cts| Poct.| Patt. | eect. |e et ec OL) OP Cl, 

386 | Carbon tetrachloride 15. 0 17 0 0 95 0 0 25 0 0 30 
(75 per cent) and 
turpentine (25 per 


cent). 
387 GOS kid ae bees 30. 0 14 30 0; 100 0 0 0 0 0 0 
394 |. Carbon disulphide __- 7.0 525 |) MOONE = 283 0 SOM eae OF | artOOn tee 60 
409 |_---_- (6 Ko YRS etn - PR ee 10. 0 87 POO; Ese 100 LOO Seas 100 TOO pie See 0 
AlOA S| 22: = GOES esos es eee 10. 0 71 LOGE ie aes 100 7 Ai ya) ee aes 0 LOOn | Ses2— 2 1 
144] Fae Caan Sb oe A ae Se 10. 0 100 100 {a5 23 100 LOO) | eee 100 WOO pose 100 
Ethylene bromide_-__- 3:1 \ 
403 \Carbon tetrachloride. 10.0 100 LOD SS 2 100 OO pero 100 100) | === 100 
Ethylene bromide_-_-__- shal \ y 
431 \Carbon tetrachloride-_- 10. 0 50 50 |------ 50 0 |------ 100 0 |------ 100 
450 | Ethyl bromide__-____-- 9.1 96 100: E22 = © 100 hOOs eee 100 DOE = as 25 
A5Gi|=2= ae nates ee ae weal 22 18. 2 100 100 {2 2 3 100 KOOm eee 100: | === 100 
Epichlorohydrin_-____-_ 1.0 
447 {Carbon tetrachloride 10. 0 } ae AUD PaO Sao MOU OG EUS Gan om ke 
n-Butylnitrite_______- 2.9 \ 
458 Jen tetrachloride_- 10.0 92 50 |------ 100 | 100 |------ 100 100 |------ 100 


1 Barrel made as tight as possible in this test. 


The insecticidal action of a gas is greatly lessened by the presence 
of grain, probably because the grain absorbs miany vapors in large 
quantities and because the grain mechanically interferes with the 
diffusion of the gas throughout the receptacle. For example, in a 
glass vessel containing nothing but weevils and the vapor of the 
compound (mixed with air), epichlorohydrin killed 100 ee cent of 
the insects at a concentration equivalent to 0.23 pound per 1,000 
cubic feet; when the weevils were planted in wheat, a concentration 


FUMIGATION AGAINST GRAIN WEEVILS 25 
of epichlorohydrin equivalent to 2.06 pounds per 1,000 cubic feet, 
combined with carbon tetrachloride at the rate of 10 pounds per 
1,000 cubic feet, did not kill all of the insects in every test. 

The compounds consistently causing 100 per cent mortality in the 
small-scale tests in wheat (Tables 4, 5, and 6) are shown in Table 7. 


TaBLeE 7.— Most effective fumigants for weevils (based on results in Tables 4, 5, and 6) 


| 


: Mini- Mini- 
mum mum 
concen- concen- 
tration tration 
consist- consist- 
a ently = ently 
es “ causing est < causing 
No. Fumigant 100 per || No. Fumigant 100 per 
cent mor- cent mor- 
tality of tality of 
all species all species 
after ex- after ex- 
posure for posure for 
24 hours 24 hours 
Lbs. per Lbs. per 
1,000 1,000 
456 eee Ethylene bromid cee 
‘ ithylene bromide______________- 6.2 
462 \ethyl bromide-__----.---------- 18.2 439 ee tetrachloride_____________ 10.0 
629 VaEeho Dromidests. -8. 5s2 4 Ves 4.5 603 
630 |f Carbon tetrachloride____________- 10. 0 604 |{ Ethylene bromide______________- 8.0 
g15 |{Ethy! bromide__-_______-..__---- 4.51) 681 |{Carbon tetrachloride_____-.___--- 8.0 
616 Carbon disulphide______________- 22, 632 
Carbon tetrachloride_____________ 10. 0 589 |\ Ethylene bromide__________-___- Dao 
Hii ylebromide@sean = | eee a se 4.5 || 590 |f Carbon tetrachloride______-______ 12.0 
611 |} Carbon disulphide__.____________ 22 594 |) Ethylene bromide______________- 5.3 
612 |)Carbon tetrachloride_____________ 10.0 597-|;Chiorobenzene..2_- 2 2 a 10.0 
Ethylene bromide-_-_____________- 5.3 598 |} Carbon tetrachloride_____________ 10.0 
5OOnE thy bromidest= ===. ~s2 7 13. 2 || 472 ee pee Se ee ae 2.9 
600 |f Ethylene bromide_______________ 5. Sill ae Carbon tetrachloride____________- 10.0 
BAOTIVE Tey EON Got ibayg 445 ean HOLTNAtE ss ee wee es ED 
oe By sommate eSee eee e e e 36: 1 te Carbon tetrachloride___.._______- 10.0 
5 thy Ubromide 2 2622 ae IE? : F 
586 |f Methyl formate.............. = 3.5 || 547 \carbon disulphide __-----_---__-- 6.4 


With the exception of carbon disulphide, the most economical 
fumigant at 1924 prices, is the combination of ethyl formate with 
carbon tetrachloride. (The ethyl acetate-carbon tetrachloride mix- 
ture,> which was the most suitable and economical fumigant of all 
those tested, was not tried on a small scale.) 


IN BOX CARS 


Many tests were also carried out in box cars of grain. Weevils 
in perforated pill boxes (10 in each box) were planted at 10 different 
levels in the grain in a box car, by putting the boxes in the compart- 
ments of a grain sampler, which was then plunged into the grain at 
an angle of about 45°. 

The fumigant was applied to the grain by sprinkling the liquid 
over the surface from a small sprinkler-top watering can as quickly 
as possible. The door of the car was then closed and sealed. 
Twenty-four hours later the pill boxes were withdrawn and the 
number of dead weevils was determined (Table 8). (The more toxic 
substance, with its concentration, is given first; the less toxic sub- 
stance, used principally as a diluent, with its concentration, is given 
next in Table 8.) 


5 The use of ethy] acetate and ethyl] acetate-carbon tetrachloride mixture was suggested by R. C. Roark. 
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Many of the fumigants and combinations of fumigants which 
operated successfully in glass jars and in the presence of wheat in 
bottles, boxes, and barrels gave disappointing results when used on a 
large scale. A mixture, in equal proportions by weight, of ethylene 
bromide and carbon tetrachloride, used at the rate of 16 pounds per 
1,000 cubic feet, was successful when applied to weevils in wheat in a 
box, but this mixture, even with the addition of 50 per cent more 
carbon tetrachloride, was ineffective when used in box cars. This 
is probably explained by the facts that in a box car the weevils may 
be in the grain at a much greater depth than in a small box or barrel 
and that the grain is much more Fe hitly packed. Also, a box car is 
not a tight container and the vapors of the fumigant may not be 
long retained. 

The most successful fumigants used in the box-car tests were ethyl 
formate in combination with carbon tetrachloride (12.1 pounds each 

er 1,000 cubic feet) and ethyl acetate (12.5°® pounds per 1,000 cubic 
Foot) in combination with carbon tetrachloride (25 pounds per 1,000 


cubic feet). 
FIRE HAZARD FROM FUMIGANTS 


The vapor pressures of ethyl acetate and carbon tetrachloride are 
very close for all temperatures up to their boiling points (Table 9, 
Mio): 


TABLE 9.—Vapor pressures of ethyl acetate and carbon tetrachloride 


Observed vapor Observed vapor 
pressure ! pressure ! 
Temper cea pe —————————— 
ature atur 
Ethyl Carbon ° Ethyl Carbon 
acetate? | tetra: acetate ?| tetra 
chloride chloride 
2X G2 mm mm. na OF m m 
—20 6. 55 9. 92 40 186. 20 210. 90 
—10 12. 95 18. 81 50 282. 20 309. 00 
0 24. 30 33. 08 60 415. 40 439. 00 
10 42. 70 55. 65 70 596. 30 613. 80 
20 72. 80 89. 55 80 832.70 | 4 836.35 


30 | 118.70 | 139.60 


1 Sydney Young. The vapor-pressures, specific volumes, heats of vaporization, and critical constants 
of 30 pure substances. Jn Sci. Proc. Roy. Dublin Soc., n. s. (1909-10), 12:374-448. 

2 Boiling point at 760 millimeters, 77.15° C. 

3 Boiling point at 760 millimeters, 76.75° C. 

4 Calculated. 


A mixture of 3 volumes of carbon tetrachloride and 2 volumes of 
ethyl acetate (equivalent to 72.5 per cent carbon tetrachloride and 
27.5 per cent ethyl acetate by weigh is noninflammable at ordinary 
temperatures. Moreover, in this mixture the vapors of the two 
components tend to separate but very slightly, thus making the 
mixture safe from fire hazard. ~ 

On the other hand, carbon disulphide has a much higher vapor 
pressure than carbon tetrachloride at ordinary temperatures, thus 
making mixtures of these compounds unsafe. The experiments of 
the Underwriters Laboratories at Chicago (Grain Dealers Journal, 
December 10, 1921, vol. 47, p. 798) show that a mixture of 75 per 
cent carbon tetrachloride ee 25 per cent carbon disulphide by vol- 


6 A mixture of ethyl acetate and carbon tetrachloride containing 334 per cent by weight of the acetate 
will flash slightly at ordinary temperatures but will not continue to burn. 
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ume (equivalent to 79.1 per cent and 20.9 per cent by weight) gives 
off a highly inflammable vapor. The use of such a mixture to kill 
weevils or other insects is condemned as dangerous. 

A mixture of carbon tetrachloride and carbon disulphide containing 
as little as 5 per cent by volume of carbon disulphide will flash at 
20° C., although it will not continue to burn. 
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Fig. 1.—Vapor pressures of ethyl acetate and carbon tetrachloride (Table 9), 
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EFFECT OF FUMIGATION ON MILLED AND BAKED PRODUCTS 


The results of the milling and baking tests on wheat and rye treated 
with various fumigants are given in Tables 10, 11, 12, and 13. 


TaBLE 12.—Results of milling tests with rye exposed to fumigants 


Concen- 
panel Fumigant tie aor of ears 
fumigant 
Lbs. per 
,000 
cu.ft. 
10073 Vnleateds seat os 75h - “Sree ee Natural 
ethyliormatel= = 2). = eae 4.0 
10074 Ee peoride se Seek SUMS Ss ee a 2 \ Do: 
vieneybromides = 2 = 2saee 8.0 
10075 ies tetrachloride: - 2 ee 12.0 \ Do 
Vitornmatet 425. oS eas 8.8 
10076 |\ thy] bromide__..._._............ 18.5 \ Do. 
1007 7al Untreated es S 2 hs a | a Se Do. 
10078 ai es Wee se | ee Do. 
yiene bromide.) _ =e as 8.8 as 
10079 Carbon tetrachloride_____________- 12.0 \N ore 
10080 Unbieated See Sees eee re 2 ee Natural 
yhiormatest2. -— aaeeme ee 6. 4 
10081 (EEE nes A IN Rn 8 13. 6 \ Do. 
Bthydibromides.- eee 4.5 
10082 |<Carbon disulphide________________ 22 Do. 
Carbon tetrachloride__-.-..._-___- 10. 0 


TABLE 13.—Results of baking tests with flour from fumigated rye! 


Concen- 


Sample . : Absorp- | Volume |} Weight Coler _| Texture 

No. Fumigant aes tion of loaf of loaf of loaf of loaf 
Lbs. per 

1,000cu.ft.| Per cent Ce Grams 
10073 Untrested as Se See eee Seal 51.5 1, 630 462 73.0 90. 8 
ethyl formatess sane : : 

10074 Bthyl bromide, =~ oso ene LS 20 485 74.0 90.3 
i thylene| promid ese=- sae 8. 00 

10075 {Carbon Cee oe soucatee e315], ¢1 800 488} 75.5| 91.8 
= thylformate:=2 ==. 8. 80 

10076 {Fingl Oe eee ee 51.8| 1,740 486 73.0 90.3 

LOOT UMERCALEG Ss So Sore es esc a ce 51.8 1,710 483 70. 8 89. 3 

10078 Fat Sa Besa es Bee gs ee ee, ee 51.8 1, 730 483 71.5 89. 5 

ylene DEOMId eae : 
10079 fearon tetrachionides==2————— 12. 00 \ 51.8 1,730 485 75. 0 91.0 
10080 Untreated SS TSDNOGRIID LE A / or tha a ea OR fe DEE oS 52. 1 1, 760 484 72. 5 90. 5 
thylfionmate: seo ee 6. 40 = 

10081 HEhiy | Deoiides eae 13. 60 52, 1 1, 710 479 73.0 89.5 
Ethylene bromide--___---------- 4.50 

10082 |4 Carbon disulphide-_-_________---- 2. 20 51.8 1, 730 485 70. 8 87.5 
| Carbon tetrachloride_-_-_-_----_--- 10. 00 


1In all the tests the crumb of the loaf was gray. No odor of the fumigant was detected in samples 
10074, 10076, 10081, or 10082. A slight odor ofthe fumigant in the dough, but none in the loaf, either 
hot or cold, was detected in samples 10075 and 10079. 


Tetrachloroethane and monochlorobenzene gave a disagreeable 
odor to the flour and bran and other by-products. This disagreeable 
odor in the flour was carried through to the finished loaf. Ethyl 
bromide, ethylene bromide, carbon tetrachloride, and ethyl formate 
left very little or no odor in the flour. If present im the flour, it 
was completely volatilized during baking, giving a loaf free from 
foreign odor. The commercial grades of ethyl acetate, both the 
85 per cent and the 99 per cent, left a noticeable odor in the grain, 
bran, shorts, and flour; this odor appeared even in the hot loaf. The 
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“old process” and ‘“‘new process” grades of ethyl acetate completely 
volatilized from the grain, so that no odor was noticeable in the 
process of milling, and the loaf, hot or cold, had only the natural 
odor and flavor (samples 11024 and 11025 in Tables 10 and 11). 

The suitability of a sample of ethyl acetate for fumigating grain 
should be determined by the following test: Wet a sheet of filter 
paper (11-centimeter diameter is a convenient size) with the ethyl 
acetate, and allow it to evaporate, noting the odor from time to 
time. No foreign odor should be present, and the liquid should 
volatilize completely without leaving any odor. The carbon tetra- 
chloride to be mixed with the ethyl acetate should be similarly 
tested, and should likewise be free from odoriferous constituents of 
low volatility. The presence of sulphur compounds in carbon tetra- 
chloride is particularly objectionable because they give a garlicky 
odor to the fumigated grain. Ethyl acetate and carbon tetrachloride 
of a grade which satisfies this test are now commercially available 
in large quantities at a price but shghtly higher than that asked for 
the commercial grades. 


ADDITIONAL FUMIGATION TESTS WITH ETHYL ACETATE AND 
CARBON TETRACHLORIDE 


In August and September, 1924, car fumigation tests were made 
with a mixture of ethyl acetate and carbon tetrachloride combined 
in a ratio that would make a noninflammable product at ordinary 
temperatures. The results are shown in Table 14. 


TaBLE 14.—Results of fumigation tests on weevils in wheat in box cars, using a 
mixture of 40 volumes of ethyl acetate with 60 volumes of carbon tetrachloride 


Insects killed at different levels after exposure for 
Rela- 24 hours 


ee tive- | Con- | 4¥er Insects 
em- A age : 
Date pera- humid-| cen- ee in 

¥ tara ity | tration tality 1 grain 2 


(noon) 


Level 9 
Level 10 


Lbs. per 
,000 Per | Per | Per| Per| Per| Per | Per | Per | Per | Per 
1924 °F. |Per cent) cu.ft. |Per cent) cent | cent | cent | cent | cent | cent | cent | cent | cent | cent | Per cent 
Aug. 26 78 68 30 80 | 100 | 100; 50] 50] 50{| 100} 50} 100 | 100 | 100 100 
26 78 68 40 96 | 100 | 100 | 100 | 100 | 100 | 80} 80} 100] 100 } 100 (3) 
27 78 41 40 99 | 100 | 100 | 100 | 100 | 100 | 100 | 90 100} 100 |} 100 100 
27 78 41 40 99 | 100 | 100°} 100 | 100 | 100 | 90} 100} 100 | 100 | 100 100 
27 78 41 40 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 } 100 | 100 99 
28 80 61 50 100 | 100 | 100 | 100 } 100 | 100 | 100 | 100 | 100 } 100 | 100 100 
Sept. 3 66 53 40 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 
3 66 53 40 100 } 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 100 100 
4 66 45 40 486 | 100 | 100 |} 100 | 100 | 100 | 80); 90] 90] 80} 20 100 
6 60 41 40 98 | 100 | 100 | 100 | 100 | 100 | 100 | 100 | 80} 100 | 100 (5) 
6 60 41 40 97} 90/100} 90] 100} 100 } 100 | 100 | 100 | 100} 90 (5) 
9) 78 51 AQ) ea oe aes No weevils; sampled for milling and baking tests. 
2 78 51 ADT ae oe Do. 
2 78 51 yt ee Do 
2 78 51 AOS |= EE 2 Do 


1 For insects exposed in pill boxes. 
_ 2 The grain in all but six of the cars fumigated was moderately infested with weevils. The percent- 
ages given in this column represent the kill of this infestation. 
3 A few alivein ends of car. 
4 Fumigation interrupted when halfway through for 10 or 15 minutes, during which time the car door 
remained open. 
> No weevils. 
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With the exception of four cars fumigated for milling and baking 
tests, the rice weevil (S. oryza) was the test insect used in the pill boxes. 
Furthermore, the grain in all but two of the cars was moderately 
infested with weevils. The results given in the last column in 
Table 14 show the percentage kill of this natural infestation. 

The results of the car fumigation reported in Table 14 confirm those 
reported in Table 8. 

With the exception of one case, where fumigation was inter- 
rupted, all fumigations with a mixture of 40 per cent by volume of ethyl 
acetate and 60 per cent by volume of carbon tetrachloride, in which 
not less than 40 pounds of the mixture per 1,000 cubic feet of inclosed 
space was used, gave satisfactory kills. 

The results of the milling tests with the wheat fumigated in these 
box-car experiments are shown in Table 15; the results of the baking 
tests with flour made from this wheat are shown in Table 16. The 
data indicate that both the fiavor and odor of bread baked from flour 
made from wheat fumigated in box cars with a mixture of 40 volumes 
of ethyl acetate and 60 volumes of carbon tetrachloride, at the rate of 
40 pounds per 1,000 cubic feet, are normal. 


EFFECT OF ETHYL ACETATE-CARBON TETRACHLORIDE 
FUMIGATION ON GERMINATION OF SEEDS 


The seeds of wheat, barley, rye, winter oats, and corn in _ tightly 
closed bell jars were exposed to the vapor of ethyl acetate and carbon 
tetrachloride at a concentration of 40 pounds per 1,000 cubic feet 
for 24 hours. The percentage germination before and after fumiga- 
tion is shown in Table 17. 


TABLE 17.—Effect of ethyl acetate-carbon tetrachloride fumigation on germination 
of seeds 
Germination | Germination 
Seed Before | After | Seed | Before | After 
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The results in Table 17 show that exposure at 31° C. in a tight 
container for 24 hours to the fumes of a 40-60 mixture (by volume) 
of ethyl acetate and carbon tetrachloride at the rate of 40 pounds 
per 1,000 cubic feet does not injure the germinating power of wheat, 
barley, rye, winter oats, and corn. The grain would not be subjected 
to as severe a test in ordinary box cars. 


SUMMARY 


The action of more than 100 organic compounds on weevils was 
tested under conditions permitting a control of the factors of con- 
centration, time, and humidity, and with observations of the tem- 
perature. 

The following 30 compounds were more toxic to the rice weevil 
(S. oryza L.) than carbon disulphide: Two out of 8 bromides tested; 
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3 out of 15 chlorides tested; the only iodide tested; 1 alcohol out of 
8 alcohols and phenols tested; 3 out of 4 aldehydes tested; 2 out of 
4 ketones tested; both of the chlorine-substituted ketones tested; 1 
of the 2 chlorohydrins tested; 5 out of 9 esters tested; 4 out of 12 
sulphur compounds tested; 1 nitrile out of 5 nitriles and isonitriles 
tested; both of the nitrites tested; 2 out of 8 amines tested; and 
pyridine. 

The relative toxicity of the different classes of compounds can 
not be given because the low volatility of several of those tested 
gave pat very low vapor concentrations. As a class, the hydro- 
carbons showed the lowest insecticidal efficiency, not one of the eight 
tested equaling carbon disulphide in fumigating power. The most 
effective fumigant in the glass-jar tests was epichlorohydrin, which 
killed the rice weevil at a concentration of 0.09 per cent, equivalent 
to 0.23 pound per 1,000 cubicfeet. It was, however, an unsatisfactory 
fumigant in ‘he presence of grain. 

There is no constant relationship between the boiling points and 
the lethal concentrations of the compounds killing 100 per cent of 
the rice weevils after exposure for 24 hours. 

A much greater concentration of fumigant is required to kill 
weevils in wheat than to kill those exposed directly to the vapors 
in glass jars. A still higher concentration is necessary to kill weevils 
in wheat in box cars. Ethyl formate and ethyl acetate were the 
only promising fumigants for grainin boxcars. Theacetate, however, 
costs only about one-third as much as the formate. 

Odoriferous constituents of low volatility from commercial grades 
of ethyl acetate (both the 85 per cent and the 99 per cent grades) 
are carried through from the fumigated wheat to the flour, and 
even to the bread baked from it. A pure grade of ethyl acetate, 
however, leaves practically no odor in the fumigated grain or in the 
bran or shorts made from the grain, and none in the flour or in the 
bread baked from the flour. 

The insecticidal efficiency of ethyl acetate under practical fumigat- 
ing conditions is increased by the addition of carbon tetrachloride. 

The most effective fumigant, other than carbon disulphide, 
against weevils in wheat, in grain cars, under practical fumigating 
conditions, is a mixture of about 40 volumes of ethyl acetate and 
about 60 volumes of carbon tetrachloride. It is noninflammable at 
ordinary temperatures. The proper dosage of this mixture for 
fumigating box cars is about 45 pounds per 1,000 cubic feet. Both 
the ethyl acetate and the carbon tetrachloride must be tested to make 
sure that they are free from odoriferous constituents of low volatility 
before they are used in grain fumigating. 
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